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1 INTRODUCTION 

This Final Engineering Evaluation/Cost Analysis (Final EE/CA) has been prepared on behalf 
of Earle M. Jorgensen Company (EMJ) and Jorgensen Forge Corporation (Jorgensen Forge) 
for the cleanup of contaminated sediments and associated bank soils in a portion of the 
Lower Duwamish Waterway (LDW) Superfund Site adjacent to the Jorgensen Forge facility 
(Facility) located in Seattle, Washington (Figure 1-1).  The area of contaminated sediments 
and associated bank soils requiring cleanup adjacent to the Facility in the LDW is referred to 
as the Removal Action Boundary (RAB).  The cleanup of the RAB will be conducted as a 
non-time-critical removal action (NTCRA) in accordance with the requirements of the U.S. 
Environmental Protection Agency (EPA) to reduce or eliminate the risks to the aquatic 
environment and human health resulting from the potential exposure to concentrations of 
chemicals in sediment and bank soils.   
 
EMJ entered into an Administrative Order on Consent (AOC) with EPA on July 10, 2003 
(EPA Docket No. CERCLA-10-2003-0111), to investigate whether the Facility, which is 
currently owned and operated by Jorgensen Forge and formerly owned and operated by EMJ, 
is or has been a source of polychlorinated biphenyls (PCBs) to the LDW.  The analytical 
results of soil and sediment samples collected during the investigation detected 
concentrations of PCBs in sediment and soil on the shoreline bank in the LDW adjacent to 
the Facility.  These concentrations present a risk to human health and the environment and 
meet the criteria for conducting a NTCRA under the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA; EPA 2008a). 
 
EPA and EMJ entered into the First Amendment to the AOC in April 2008.  This 
amendment requires EMJ to prepare an EE/CA, Biological Assessment (BA) and Clean Water 
Act (CWA) Section 404 Evaluation to conduct a NTCRA of sediments and associated 
shoreline bank soil in the RAB that contain concentrations of chemicals that exceed the 
Washington State Department of Ecology (Ecology) Sediment Management Standards (SMS) 
Sediment Quality Standard (SQS).  The RAB was approved by EPA in 2008 (EPA 2008b).   
 
EMJ and Jorgensen Forge previously submitted a Draft EE/CA and Second Draft EE/CA to 
EPA in March 2009 (Anchor QEA 2009) and November 2010 (Anchor QEA 2010a), 
respectively.  EPA provided comments to EMJ and Jorgensen Forge on the Draft EE/CA in 
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April 2010 (EPA 2010a) and the Second Draft EE/CA in December 2010 (EPA 2010b) and 
February 2011 (EPA 2011).  This Final EE/CA has been revised as necessary to incorporate 
the written comments provided by EPA and verbal feedback provided by EPA during 
meetings on December 14, 2010 and January 27, 2011.  This Final EE/CA also incorporates 
information gathered during ongoing bi-monthly coordination meetings with The Boeing 
Company (Boeing).  Under the Resource Control and Recovery Act (RCRA), Boeing is 
conducting an interim sediment corrective action in an area adjacent to and 
north/downstream of the RAB known as the Boeing Duwamish Sediment Other Area 
(Boeing DSOA).  The Boeing DSOA extends from the northwest corner of the Facility to the 
southern boundary of Slip 4 (Figure 1-1).  
 

1.1 Purpose 

In accordance with EPA’s Guidance for Conducting Non-Time Critical Removal Actions 
Under CERCLA (1993), the purpose of this EE/CA is to:  

• Summarize the removal action area and adjacent Facility characteristics 
• Identify the removal action goals and alternatives 
• Evaluate and compare the removal action alternatives 
• Identify a recommended removal action alternative 

 
In accordance with the requirements set forth in the First Amendment to the AOC, this 
Final EE/CA also provides preliminary drafts of the BA (Appendix A) and CWA Section 404 
Evaluation (Appendix B) for the recommended removal action alternative.  The Preliminary 
Draft BA characterizes baseline conditions of existing habitat; address potential project 
impacts that the recommended removal action alternative may have on these species, their 
habitat, and their food stocks; and describes best management practices (BMPs) and 
conservation measures designed to avoid or minimize any negative impacts.  The Preliminary 
Draft CWA Section 404 Evaluation documents the information gathered regarding 
practicability and cost, long- and short-term impacts, minimization of adverse effects, and an 
analysis of the need for any mitigation for the recommended removal action alternative.  
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1.2 Project Background  

The portion of the LDW extending from the south end of Harbor Island to Turning Basin 
No. 3 was included in the EPA’s National Priorities List (Superfund) on September 13, 2001, 
based on the concentrations of chemicals detected in sediments.  The investigation and 
implementation of cleanup in the LDW Superfund Site is being conducted by the Lower 
Duwamish Waterway Group (LDWG), which comprises the City of Seattle (City), King 
County, the Port of Seattle (Port), and Boeing, in coordination with EPA and the Ecology.  
EPA is the lead regulatory agency for the sediment investigation and cleanup work under 
CERCLA.  Ecology is the lead regulatory agency for ongoing sources control of releases to the 
LDW.  LDWG is conducting a Remedial Investigation and Feasibility Study (RI/FS) for the 
LDW Superfund Site under an AOC with EPA and Ecology dated December 20, 2000. 
 
CERCLA defines a removal action as the cleanup or removal of contaminated media that 
presents a risk to human health or the environment (EPA 1993).  The cleanup or removal 
actions may include technologies such as capping, dredging and excavation, or other cleanup 
technologies that mitigate the risks to human health or the environment.  LDWG identified 
seven candidate sites for early removal actions within the LDW based on the risks to human 
health and the environment that each of these candidate sites presented (Windward 2003a).  
The areas selected for an early removal action are referred to as Early Action Areas (EAAs).  
The sediments and bank soils extending from the eastern boundary of the federal navigation 
channel to the top of the shoreline bank and from the northern property boundary of the 
Boeing Plant 2 facility (Plant 2) to the southern Facility property boundary were designated 
as Early Action Area 4 (EAA-4; Figure 1-1). 
 
The First Amendment to the AOC (EPA 2008a) incorporated a September 2007 
Memorandum of Understanding (MOU) executed by EMJ, Jorgensen Forge, and Boeing that 
administratively requires the coordination and cooperation of all parties conducting cleanup 
(corrective action or removal action) within the adjoining Boeing DSOA and RAB.  The 
MOU (included in Appendix C to this EE/CA) identifies two boundaries (in-water and 
shoreline toe of riprap) between the DSOA and RAB and the coordination elements 
necessary to integrate the adjacent cleanup projects.   
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1.3 Summary of Revisions Incorporated into Final EE/CA 

Farallon Consulting, LLC (Farallon), and Anchor QEA, LLC, met with EPA on December 14, 
2010 and January 27, 2011 to discuss EPA’s comments on the Second Draft EE/CA.  The 
primary comments discussed with EPA during these meetings are summarized in the 
following sections.  As previously stated, the Final EE/CA has been revised to reflect these 
discussions, EPA’s written comments (EPA 2010b and 2011; included in Appendix C), and 
the comments and response communications for the First Draft EE/CA (EPA 2010a; included 
in Appendix C).  EMJ and Jorgensen Forge expect EPA’s Action Memorandum for the 
selected removal action alternative will similarly reflect these decisions and approaches. 
 

1.3.1 Additional Subsurface Sediment Sampling and Analysis 

Subsurface sediment sampling and analysis was recently conducted to refine the vertical 
extent of sediment concentrations exceeding the total PCBs Removal Action Level (RvAL) in 
areas where the bottom depth of RvAL exceedances is currently unbounded.  The sediment 
sampling and analysis was conducted in late February 2011 in accordance with the EPA-
approved Work Plan for Additional Design Sediment Sampling (Anchor QEA 2011).  The 
analytical results of the sediment sampling will be used in the design of the EPA-approved 
Final EE/CA removal action alternative and provided in design documents.  The design 
process and design deliverables will be described in the Statement of Work attached to the 
amended or new AOC for implementation of the selected removal action alternative.  
 
In order to evaluate the complete vertical removal of total PCB RvAL exceedances 
throughout the RAB, the Final EE/CA has assumed that the vertical extent subsurface 
sediment total PCB RvAL exceedances is several feet below the deepest RvAL exceedance 
depth interval at each unbounded station (as described for Alternative 4 in Section 6.4).    If 
the additional subsurface sediment sampling results identify total PCB RvAL exceedances at 
depths significantly below the assumed depths, additional evaluations may be conducted 
during the design process to determine if these much deeper depths lead to significant cost 
increases and adverse effects to the implementability or effectiveness of the remedy.  Based 
on these evaluations, the recommended removal action alternative presented in this Final 
EE/CA may be slightly modified.  Any such modifications of the recommended removal 
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action alternative would be coordinated with EPA and defined in design deliverables (for 
example, the Basis of Design Report). 
 

1.3.2 Performance Standard and Post-dredge Sampling for Selected Removal 
Action Alternative  

The performance standard for successful completion of the recommended removal action 
alternative (Alternative 4 in Section 6.4) is the complete removal of sediments within the 
RAB containing sediment concentrations above the total PCB RvAL.  The target vertical 
elevations to achieve this complete removal will be defined in the final design documents.  
The selected contractor(s) will complete the removal to the target elevations, and surveys 
will be performed to document the target elevations have been achieved.   
 
During a meeting on January 27, 2011, EPA communicated that, although the full removal 
action alternative will be based on the removal of the vertical extent of total PCB RvAL 
exceedances and that existing data will define the final post-dredge surface (“z-layer”) 
chemical concentrations prior to placement of the backfill material, EPA may require the 
collection and analysis of z-layer sediment samples as an element of the selected removal 
action alternative.  EPA acknowledged that the removal activities may result in a thin layer 
of sediments with residual total PCB concentrations deposited on the final post-dredge 
surface.  Therefore, the results of any post-dredge  sampling and analysis would not trigger 
any further remedial actions unless the area weighted concentrations in the RAB are 
significantly greater than the total PCB RvAL (for example, area weighted averages greater 
than 20 times the RvAL or 240 milligrams per kilogram normalized for organic carbon 
[mg/kg OC]).  In this situation, further evaluation would be required, and if EPA determines 
that long-term monitoring is necessary for the selected removal action alternative (see 
Section 1.3.3), these data would be used to document that the surface backfill concentrations 
in this area(s) are protective of human health and the environment based on the surface 
weighted average concentrations in the RAB.  Any post-dredge z-layer evaluations will be 
defined in design documents (for example, a Construction Quality Assurance Project Plan 
[CQAP]). 
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1.3.3 Long-term Post-construction Assessment 

The requirement for post-construction assessment of sediments will be determined during 
design and will be defined in an Operation, Monitoring, and Maintenance Plan (OMMP).  
Upland source control evaluations at the Facility are currently being finalized under an 
Agreed Order with the Washington State Department of Ecology (Ecology).  Source control 
measures will be in place and operational prior to implementation of the selected removal 
action alternative.   
 
Long-term monitoring will not be required to monitor the performance of the recommended 
removal action alternative (Alternative 4 in Section 6.4) because the vertical extent of total 
PCB RvAL exceedances will be  addressed and the entire area backfilled with 1 to 10.5 feet of 
clean material.  However, EPA has indicated that limited long-term assessment of the final 
post-construction surface concentrations within the RAB may be required as part of the 
larger LDW RI/FS process to assess changes in surface sediment chemical concentrations 
over a 10-year period.  Based on the LDW conceptual site model, chemical concentrations in 
sediments deposited on the surface of the RAB are expected to increase over time from 
essentially non-detectable concentrations as the newly deposited surface layer reaches 
equilibrium with chemical concentrations in suspended material originating outside the 
RAB.  Given this expectation, any assessment of the newly deposited surface sediments will 
not trigger any additional response action by EMJ and Jorgensen Forge (with a 
demonstration that the Facility is not a source of elevated chemical concentrations to surface 
sediments). 
 

1.4 Report Organization 

This report follows the general format recommended in Guidance on Conducting Non-Time-
Critical Removal Actions Under CERCLA (EPA 1993).  Specifically, this document is divided 
into the following sections: 

• Section 2 – Removal Action Boundary Characterization and Risk Assessment:   
Presents a summary of the RAB characteristics, Facility history and development, 
adjacent land uses, ecological habitats, previous investigations and data collected 
within the RAB and the Facility, and status of Facility source control evaluations.   
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• Section 3 – Streamlined Risk Evaluation:  
Summarizes exposure pathways for human and ecological receptors and the results of 
a streamlined risk evaluation for these receptors in the absence of a removal action.  

• Section 4 – Identification of Removal Action Scope, Goals, and Objectives 
Identifies the goals the removal action is intended to achieve, the scope and role of 
the NTCRA, and information used to develop the EPA-approved RAB. 

• Section 5 – Identification, Evaluation and Screening of Removal Action Technologies 
Identifies, evaluates, and screens the potentially applicable technologies for soil and 
sediment removal, treatment, and offsite disposal.  The technologies retained from the 
screening are assembled into the removal action alternatives presented in Section 5. 

• Section 6 – Identification and Evaluation of Removal Action Alternatives 
Identifies the removal action alternatives and application within the RAB.  Each 
alternative is also discussed in terms of its implementability, effectiveness, and cost; 
these discussions facilitate the comparative analysis in Section 7. 

• Section 7 – Comparative Analysis of Removal Action Alternatives 
Provides a comparative discussion of the removal action alternatives based on the 
CERCLA criteria of effectiveness, implementability, and cost. 

• Section 8 – Recommend Removal Action Alternative 
Describes and presents the rational for the recommended alternative for the removal 
action.  Presents the preliminary removal action sequencing concepts, short-and long-
term monitoring objectives, and a description of removal action activities to be 
conducted during design and during and after construction.  Includes a discussion of 
the data that will be needed prior to the removal action. 

• Section 9 – References 
Includes references for published documents and other sources cited in this Second 
Draft EE/CA.   

 



 
 
 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility 8 080224-01 

2 REMOVAL ACTION BOUNDARY CHARACTERIZATION  

This section describes the physical and chemical characteristics of the RAB and the Facility.  
Summaries of the Facility’s historical and current operations, environmental investigations 
completed to date, and the status of Facility source control measures are also included. 
 
The information contained in this section is primarily compiled from the following reports:  

• Final Investigation Data Summary Report (Anchor and Farallon 2006) 
• Final Source Control Evaluation Report (SCER; Anchor and Farallon 2008a) 
• Draft Source Control Evaluation Addendum Report (SCER Addendum; Anchor QEA 

and Farallon 2009) 
• Lower Duwamish Waterway Source Control Action Plan for Early Action Area 4 

(Ecology 2007a) 
• Final Lower Duwamish Waterway Remedial Investigation (Windward 2010) 
• Lower Duwamish Waterway Sediment Transport Modeling Report – Final 

(QEA 2008) 
 
More detailed supporting information can be found in the original reports. 
 

2.1 Facility History and Development 

Development of the Facility has been evaluated through review of Jorgensen Forge files, City 
archives, Kroll Atlases, King County Metsker Maps, aerial photographs, and interviews with 
long-term employees (Linne 2003).  This review identified that the Facility development was 
financed by the U.S. Navy in 1942 for the production of naval equipment (for example, 
propeller shafts).  Facility operations included forging, heat-treating, and machining.  In 
1945, Isaacson Iron Works purchased the property and equipment from the U.S. Navy and 
continued to operate until 1965 as a fabricator of structural steel, tractors, and road 
equipment.   
 
Bethlehem Steel operated a steel distribution center on the northwestern portion of the 
Facility from approximately 1951 to 1963.  Bethlehem Steel operations consisted of cutting 
prefabricated steel rods to customers’ specifications (Anchor and Farallon 2008a).  The 
aboveground structures associated with the distribution center were removed shortly 
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following closure of the center.  From 1965 to 1992, the Facility was owned and operated by 
EMJ and continued to operate in a similar fashion.  From 1992 to the present, the Facility has 
been owned and operated by Jorgensen Forge.  The only significant development between 
1960 and present day occurred sometime in the late 1960s, when the westernmost portion of 
the main manufacturing building was extended adjacent to the abutted sheetpile and 
concrete panel wall on the southwest corner of the Facility. 
 
Aerial photographs dated 1936, 1940, 1944, 1946, 1956, 1960, 1969, 1974, 1980, 1985, 1990, 
1995, 2000, and 2008 were reviewed (see Appendix A of the SCER [Anchor and Farallon 
2008a]) to discern the general types of land use activities and shoreline modifications 
adjacent to the RAB.  The 1936 aerial photograph showed that the upland area directly 
adjacent to the RAB was undeveloped land with a small embayment and the former Slip 5 to 
the south (Figure 2-1).  Upland development was initiated circa 1942, and a 1944 aerial 
photograph shows a large L-shaped building occupying the eastern and southern portion of 
the upland property (which still exists today) and a railroad trestle extending across the 
embayment.   
 
Some of the piles that historically supported the trestle still exist along the RAB shoreline 
(Figures 2-2a, 2-2b, and 2-2c).  No information regarding the use of the railroad trestle or any 
associated aquatic land uses were identified.  A 1946 aerial photograph shows that the 
railroad trestle is no longer present and the large embayment and adjacent shoreline areas 
were filled to effectively straighten the shoreline.  (No information was gathered regarding 
the source of fill.)  The 1956 and 1960 photographs show the Bethlehem Steel facility on the 
northwest portion of the property.  The 1969 photograph shows this facility has been 
demolished, the western edge of the Melt Shop building (see Section 2.2.1) is visible farther 
west to the edge of the shoreline, and the abutted sheetpile wall and concrete panel wall are 
visible.  The aerial photographs showed no significant visible shoreline modifications within 
the RAB from 1969 to 2008. 
 

2.2 Removal Action Boundary Adjacent Land Uses and Ownership 

A brief description of the existing land uses and ownership adjacent to the RAB is 
summarized in this section and is further detailed in the Lower Duwamish Waterway Early 
Action Area 4 Final Summary of Available Information and Identification of Data Gaps 
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Report (Ecology and Environment 2007) and Lower Duwamish Waterway Source Control 
Action Plan for Early Action Area 4 (Ecology 2007a). 
 

2.2.1 Facility Description 

The Facility occupies approximately 20 acres at 8531 East Marginal Way South in Seattle, 
Washington, and is located directly east of the RAB.  The Facility contains an approximately 
124,000-square-foot building of prefabricated steel that houses a Machine Shop Area, Forge 
Shop Area, Hollowbore Area, Melt Shop Area, Heat Treat Area, and Shipping Area  
(Figure 2-3).  The Facility also contains a building that houses an Aluminum Heat Treating 
Area and several smaller buildings used for offices, a metallurgical laboratory, and storage 
areas.   
 
The Facility is currently used as a steel and aluminum forge that produces custom steel and 
aluminum parts forged and machined to high precision specifications for various industrial 
clients.  The major operations conducted include: 

• Melting scrap steel and forming the molten steel into ingots 
• Forging the steel ingots into billets and/or shape forgings 
• Heat-treating the forged steel and purchased aluminum products 
• Grinding and machining the steel billets to required specifications 
• Ring rolling and/or expanding the aluminum products to required specifications 

 
Jorgensen Forge and previous owners and operators have conducted a number of 
environmental investigations on the Facility, which are discussed in Sections 2.5 and 2.6.   
 

2.2.2 Boeing Plant 2 Facility Description 

Plant 2 is located adjacent and directly north of the Facility.  It occupies approximately 109 
acres of developed, topographically flat land covered by buildings and paved yards.  Plant 2 
was built on farmland in the late 1930s and became a significant manufacturing facility 
during World War II.  Since 1936, Plant 2 specialized in manufacturing aluminum alloy, 
steel alloy, and titanium alloy parts for airplanes, using a wide range of hazardous chemicals 
including heavy metals (that is, chromium, zinc, copper, cadmium, and silver), cyanide, 
mineral acids and bases, petroleum products, PCBs, and chlorinated solvents such as 
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trichloroethene (TCE).  In recent years, the function of Plant 2 shifted toward research and 
administration (Floyd Snider 2007).   
 
Plant 2 is listed in Ecology’s online Confirmed and Suspected Contaminated Site List (CSCSL) 
database (Facility Site Identification No. 2100; Ecology 2007b).  Plant 2 is listed as having 
confirmed groundwater, surface water, soil, air, and sediment contamination.  The 
contaminants are listed as halogenated organic compounds and the following EPA priority 
pollutants: metals, cyanide, PCBs, petroleum products, non-halogenated solvents, and 
polycyclic aromatic hydrocarbons (PAHs).  According to this database, this facility was listed 
as a hazard site on February 25, 1992.   
 
Boeing is investigating and performing both in-water and upland corrective actions 
associated with upland contamination at Plant 2 under an AOC with EPA under RCRA 
(Identification No. WAD009256819).  Boeing has conducted focused investigations on seven 
upland study areas at Plant 2 to facilitate the development and screening of RCRA corrective 
measures (EPI and Golder Associates 2006).  Investigation reports have been submitted for a 
number of the study areas, and source control efforts are ongoing in coordination with EPA.  
The Corrective Measures Study (CMS) 2-66 Study Area (see Section 2.6.1.2) has complete 
migration pathways to the LDW and sediments in the vicinity of the RAB.   
 
Boeing has conducted a number of investigations within the DSOA adjacent to Plant 2 to 
document sediment quality and facilitate development of a design document for cleanup of 
the DSOA and adjacent shoreline bank area (referred to as the Southwest Bank).  Boeing 
submitted a Draft Alternative Corrective Measures Evaluation Report (ACMER) to EPA in 
2001 (Pentec et al. 2001).  Based on comments received from EPA, Boeing conducted several 
sediment investigations adjacent to Plant 2.  The identified sediment quality impacts 
associated with releases from Plant 2 resulted in the identification of the Boeing DSOA as an 
EAA for sediment cleanup (that is, the southern portion of EAA-4).   
 
In 2006, Boeing submitted a revised ACMER to EPA (MCS and Floyd Snider 2006) that 
incorporated the new data that had been collected after submittal of the first draft ACMER.  
Following review, EPA directed Boeing to collect additional samples.  Following completion 
of this additional sampling, Boeing submitted to EPA in June 2010 the Duwamish Sediment 
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Other Area and Southwest Bank Interim Measure Alternatives Evaluation (AMEC and  
Floyd Snider 2010), which summarized the sediment quality impacts in Boeing’s portion of 
EAA-4 and identified a recommended removal action alternative.  EPA provided comments 
on this document in a letter dated August 27, 2010, directing Boeing to include revised 
cleanup alternatives within the DSOA (EPA 2010c).  At the time this Final EE/CA was 
submitted, EPA and Boeing were continuing to negotiate the cleanup alternatives for the 
DSOA.   
 

2.2.3 Boeing-Isaacson Property Description 

The Boeing-Isaacson Property is a 9.7-acre rectangular parcel located directly 
south/upstream from the RAB (Figure 2-3).  A review of Ecology’s files on the Boeing-
Isaacson Property indicate that the most comprehensive review of available information was 
detailed in the Request for Groundwater NFA Determination Hydrogeologic Investigation 
and Site-specific Action Level for Arsenic in Groundwater (ERM and Exponent 2000).  A 
brief summary of this information is provided in the section. 
 
Available information indicates that a meander of the pre-straightened Duwamish River 
once flowed in an east-west direction between the current Boeing-Isaacson and Thompson 
properties, and that extensive dredge and fill efforts in the early 1900s placed the LDW 
channel in its current configuration west of the Boeing-Isaacson Property (Figure 1-1).  A 
portion of the former river channel formed Slip 5 near the southern limits of the Boeing-
Isaacson Property.  In the 1920s, the Duwamish Lumber Yard was constructed on a portion 
of the property and was operated until 1949.  In the early 1950s, the Isaacson Structural Steel 
Company purchased the Boeing-Isaacson Property and conducted galvanizing, steel 
fabrication, and storage through the 1960s (ERM and Exponent 2000).   
 
The Boeing-Isaacson Property was the subject of a series of environmental investigations and 
subsequent interim remedial actions in coordination with Ecology from 1983 to 1991 to 
address elevated concentrations of arsenic detected in soil and groundwater above applicable 
Modeled Toxics Control Act (MTCA) criteria.  Investigations of the nature of the material 
identified in Slip 5 indicate that portions of Slip 5 were filled from 1935 to mid-1960s.  The 
fill material consisted of silty sand with significant amounts of slag, fire bricks, and 
miscellaneous construction materials.  The entire slip was filled by the end of 1966 (ERM and 
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Exponent 2000).  Several phases of arsenic-contaminated soil removal and on-site 
encapsulation were completed.  Groundwater monitoring completed since 2001 indicates 
that dissolved arsenic is present in the Boeing-Isaacson Property groundwater at 
concentrations greater than area background and that groundwater in general flows to the 
southwest on the eastern portion of the Property and around the filled former Slip 5 area 
along the shoreline. 
 
The Boeing-Isaacson Property is also the discharge point for the combined King County 
International Airport Middle Outfall and Seattle Public Utilities combined sewer overflow 
(CSO) No. 156 (Figure 2-1).  The sediments in the vicinity of this outfall discharge location 
have been identified as EAA-6 (Figure 1-1) as part of the LDW Superfund Site 
(Windward 2003a), due to elevated sediment chemical concentrations.  
 
In April 2010, Boeing finalized an Agreed Order (No. DE 7088) with Ecology to complete an 
RI/FS and to prepare a Draft Cleanup Action Plan (DCAP) for the combined Boeing-Isaacson 
and immediately south-adjacent Boeing-Thompson properties. 
 

2.2.4 Navigation 

Navigation that occurs within and adjacent to the RAB is limited and is associated with 
commercial vessel activities within the federal navigation channel.  Due to depth limitations 
within the RAB, commercial vessels primarily maintain course within the channel.  No 
Washington State Department of Natural Resources (WDNR)-permitted aquatic land uses 
exist within EAA-4 or at the upstream Boeing-Isaacson Property.   
 
The only information currently existing that attempts to quantify vessel traffic within the 
LDW is presented in the Draft Final Feasibility Study: Lower Duwamish Waterway 
(AECOM 2010).  Section 2.6.6 the report provides a description of the vessel traffic patterns 
throughout the LDW and focuses on the evaluation of larger vessel traffic.  This evaluation 
was conducted through analysis of the number of times bridges spanning the LDW are 
opened on an annual basis.  This analysis showed that 35 to 40 percent of the larger vessel 
traffic continues upstream at least as far as the South Park Bridge at River Mile [RM] 2.0 (the 
RAB is located at approximately RM 3.6).   
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2.2.5 Recreational Activities 

The LDW is not a major area for recreational use compared to other waterbodies in and 
around Seattle (King County 1999).  Recreational activities within the RAB are limited by 
the surrounding industrial development and the relatively limited aquatic access in this 
portion of the LDW.  Access to the shoreline bank area is prohibited to Jorgensen Forge 
personnel by an existing fence along the top of bank area, similar to the upstream and 
downstream Plant 2 and Boeing-Isaacson Property.  Potential recreational activities that 
have been identified within and near the RAB include motor boating, kayaking, canoeing, 
and sport fishing.  Due to the extensive commercial and industrial use of the LDW, 
recreational activities such as swimming, SCUBA diving, and windsurfing are currently not 
common (King County 1999).   
 
Sport fishing in the LDW is focused primarily on salmonids and bottomfish and could occur 
within the RAB via access by boat.  The Washington State Department of Health (WSDOH) 
issued a seafood consumption advisory for the LDW in July 2002, recommending that people 
limit their consumption of resident fish and shellfish from the LDW due to elevated 
chemical concentrations (Windward 2010).  WSDOH updated the advisory in 2005 with the 
recommendation that no resident fish or shellfish be consumed from the LDW, and this 
advisory is still in effect (WSDOH 2007).  Non-resident fish such as salmonids are not 
included in this advisory.  The salmonid fishing season in the LDW area extends from 
November 1 to 30, with a two fish daily limit, of which one may be a Chinook with a 22-
inch minimum size requirement.  The season opens again from December 16 through 
February, with a one fish daily limit, which may include a Chinook of a minimum of 22 
inches.   
 
The Lower Duwamish Waterway Final Remedial Investigation (LDW Final RI; 
Windward 2010) indicates that a number of surveys have documented relatively high 
seafood consumption among several Asian and Pacific Islander (EPA 1999) and Native 
American (Suquamish Tribe 2000; Toy et al. 1996) populations within the Puget Sound 
region, some of whom may fish within the LDW for recreational or subsistence purposes.  
The seafood consumption rates among these populations form the basis for determination of 
target sediment cleanup levels developed in the human health risk assessment for the LDW 
Superfund Site. 
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Recreational activities on the LDW are anticipated to continue increasing because of the 
attention associated with the cleanup efforts underway and planned.  With the change in 
some shoreline and adjacent areas, the recreational uses can be anticipated to increase 
further.   
 

2.2.6 Commercial and Tribal Fishing 

The Muckleshoot Indian Tribe and Suquamish Tribe are both federally-recognized Tribes 
that are Natural Resource Trustees in the LDW and whose resources are impacted by 
degradation within the LDW.  The Muckleshoot Tribe currently conducts seasonal 
commercial netfishing operations on the LDW, as well as within the East and West 
Waterways, operating out of a facility located south of the First Avenue South Bridge on the 
east side of the LDW.  The Suquamish Tribe actively manages resources up to the Spokane 
Street Bridge.  The LDW is part of the Muckleshoot Tribe’s Usual and Accustomed (U&A) 
fishing grounds; consequently, they are permitted by federal law to harvest seafood from this 
area for Tribal use and commercial sale (Windward 2010).  Both Tribes resources are 
impacted by degradation within the LDW Superfund Site and Tribal fishers may be exposed 
to contamination in the sediment.   
 
Through treaty rights, Tribal members also have access to both public and private property 
and can harvest clams and other shellfish along the entire shoreline of the LDW 
(Windward 2010).  LDWG conducted a clam abundance survey (Windward 2004a) in July 
2003 to determine the potential for clamming along reaches of the LDW.  Two 
reconnaissance surveys were conducted within the LDW Superfund Site resulting in the 
ranking of 20 beaches for potential follow up clam surveys.  Each beach was ranked 
according to the number of clams, shows (that is, siphon holes), and shells observed and the 
condition of the substrate.  The entire shoreline area extending from the Boeing-Thompson 
Property upstream from the RAB downstream to the mouth of Slip 4 was identified as Beach 
No. 14 and given a low ranking due to few observations of clams, shells, or shows and soft 
substrate.  Beach No. 14 was not included in the quantitative sampling performed in August 
2003; for this reason, the nature and extent of clams within the RAB was not evaluated. 
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2.3 Physical Setting 

A detailed summary of the physical characteristics of the RAB and Facility are provided in 
the SCER (Anchor and Farallon 2008a) and briefly summarized in this section. 
 

2.3.1 Geology  

The geology at the RAB and Facility has been defined by a number of upland soil and 
offshore sediment sampling investigations that are comprehensive summarized in the SCER 
(Anchor and Farallon 2008a) and Final Investigation Data Summary Report (Anchor and 
Farallon 2006), respectively.  As discussed in Section 2.1, the western portion of the Facility 
historically contained a small embayment (Figure 2-1).  Review of the historical U.S. Army 
Corps of Engineers (USACE) records indicate that the embayment was filled between May 
1944 and July 1945.  The source of the fill is unknown.  Soil boring investigations conducted 
at the Facility indicate that the fill material consists of gray and brown sand that ranges from 
very fine to coarse subrounded grains.  The fill appears to extend to a depth of 2 to 10 feet 
below ground surface (bgs).  A pervasive silt layer with organic material is encountered 
between 8 and 10 feet bgs and represents the uppermost native soil.  The uppermost native 
soil generally consists of a 1- to 3-foot-thick, organic-rich, dark gray silt to clayey silt layer. 
 
Offshore sediment characterizations identified that surface sediments contain between 40 to 
80 percent fines (clay and silt) near the navigation channel with a general decrease in fines to 
between 20 to 60 percent in the nearshore areas (Figure 2-4).  The shoreline bank area has 
less than 40 percent fines with several areas with significant armoring and/or debris showing 
less than 20 percent fines.  Total organic carbon (TOC) generally ranges from 1.4 to 3.4 
percent, with generally higher percentages adjacent to the federal navigation channel (Figure 
2-5).  Review of the core logs from the various investigations generally showed a variable 
thickness of recently deposited silts underlain by upper alluvium interbedded silts and sands.  
Consistent with the lithology identified in the LDW Final RI (Windward 2010), the bottom 
depths of some cores showed a lower alluvium layer consisting of non-silty dense sand.   
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2.3.2 Hydrogeology 

The hydrogeology of the Facility is described in detail in the SCER (Anchor and 
Farallon 2008a) and briefly in this section.   
 
The drainage basin into the LDW, including the RAB, is underlain by a single, large alluvial 
aquifer system that extends from the water table to a depth of 70 to 80 feet bgs.  The Facility 
is underlain by heterogeneous lenses and layers of silt and clay with no identified discrete 
zones, and only a few units can be correlated within the Facility monitoring wells  
(Figure 2-6).  The stratigraphy is further complicated by placement of fill atop the pre-
development topography, including placement of fill between May 1944 and July 1945 into 
the previously existing embayment.  Groundwater at the Facility is typically encountered 
from 9 to 13 feet bgs.  The observed groundwater conditions during semi-annual 
groundwater monitoring events indicate that the groundwater flow direction is to the 
southwest on the eastern half of the Facility with the gradient increasing and the flow 
direction becoming more westerly toward the RAB shoreline (Anchor QEA and 
Farallon 2009).   
 

2.3.3 Surface Water Hydrology 

The surface water hydrology for the LDW is described in detail in LDW Final RI 
(Windward 2010) and briefly summarized in this section.  
 
Numerous hydrologic studies in the LDW have evaluated the general circulation patterns 
and characteristics in the vicinity of the RAB but no site-specific studies have been 
conducted within the RAB.  Hydrodynamic modeling has been performed as part of the 
Draft Feasibility Study: Lower Duwamish Waterway (AECOM 2010) to assess discharge, 
velocity, and depositional/erosional areas throughout the LDW Superfund Site and this 
information can be generally applied to the RAB.  The hydrology within the RAB is 
influenced primarily by general circulation patterns in the LDW.  Average downstream flow 
for the LDW as measured at the Tukwila gaging station was 1,533 cubic feet per second (cfs) 
during 2003 to 2004 and ranged from 327 cfs in August to 3,290 cfs in June (Clemens 2007).  
Flow rates are greatest during the winter months because of seasonal precipitation and 
lowest throughout the late summer dry season. 
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Surface water runoff within the LDW drainage basin also contributes to flow to the LDW, 
including sources such as storm drains, tributary creeks, CSOs, and non-point inputs.  These 
sources are expected to be less than 1 percent of the total discharge, even during peak flow 
events (Windward 2010), and will be affected by the magnitude and duration of the runoff 
input and river discharge and tidal elevations.  Two main tributary creeks drain into the 
LDW: Hamm Creek at approximately RM 4.2 upstream from the RAB and Puget Creek at 
approximately RM 0.7 downstream from the RAB.   
 
A number of parties have measured current velocities within the LDW as part of numerous 
environmental investigations (Harper-Owes 1983; King County 1999; Prych et al. 1976; 
Santos and Stoner 1972; Stevens, Thompson & Runyan 1972; Weston 1993).  The most 
extensive measurements within the LDW were collected by King County in 1996.  The 
measurements were made at two locations in the LDW (RM 1.1 and RM 3.5) for a 3-month 
period beginning in August and recorded currents at 15-minute intervals along a vertical 
profile (King County 1999).  The RM 3.5 deployment station is just downstream from the 
RAB; therefore, it provides a measure of anticipated velocities within the vicinity of the 
RAB.  Measured current velocities during this study rarely exceeded 1.3 feet per second.  
 

2.3.4 Sediment Transport and Deposition 

Sediment stability was evaluated as part of the LDW Phase 1 and Phase 2 RI activities 
(Windward 2003b; Windward and QEA 2008).  The Phase 1 RI activities showed that the 
federal navigational channel and the majority of the transitional zones and intertidal benches 
in the vicinity of the RAB are subject to erosional events but exhibit some degree of net 
sediment accumulation over time.  Estuarine processes and preliminary modeling results also 
showed that sediment sources and associated chemicals can migrate in an upstream direction 
due to tidal forcing during flood tide conditions.  Current velocities measured within the 
LDW indicate that bottom water velocity in the vicinity of the RAB facilitates sediment 
deposition during particular times of the year (Windward 2003b).   
 
The Phase 2 RI investigation gathered additional net sedimentation data from bench areas to 
supplement the Phase 1 net sedimentation data available for the federal navigation channel 
(Windward and QEA 2008).  A single geochronology core collected offshore of the RAB 
provided estimated long-term net sedimentation rates of 1.6 to 1.8 centimeters per year and 
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0.2 to 1.0 centimeter per year using cesium-137 and lead-210 radioisotopes, respectively.  
These net depositional rates are much lower than the rates identified within the navigational 
channel during the Phase 1 RI (20 to 110 centimeters per year; Windward 2003b) but are 
consistent with the general intertidal long-term net depositional rates in the LDW (that is, 
less than 1 centimeter per year).   
 
The Phase 2 RI field activities investigated sediment bed scour resulting from both natural 
and anthropogenic causes to assess whether sediment bed erosion occurs episodically and, if 
so, over which areas of the federal navigation channel and benches.  A hydrodynamic model 
was developed to simulate the potential effects of average-flow conditions and high flow 
events (for example, 2-, 10-, and 100-year high flow events) on LDW bed stability 
(AECOM 2010).  This model showed that under most flow conditions, the saltwater wedge 
extends upstream of the RAB; however, under high flow conditions, the river adjacent to the 
RAB may act as a tidal freshwater river.  The model showed mixed results for erosion 
potential within the RAB.  As shown on Figure 2-7, the model showed net erosion within 
the nearshore area initiating just downstream from the sheetpile wall to the downstream 
boundary of the RAB and within a zone that extended through the central portion of the 
RAB out to the eastern edge of the navigation channel apex in the turn of the LDW 
(AECOM 2010).   
 
Alternatively, the model confirmed that the nearshore area adjacent to the concrete panel 
wall (which is currently a mudflat area [Figure 2-2c]) and extending out to the eastern edge 
of the navigation channel show net sedimentation greater than 1 centimeters per year 
(Figure 2-7).  The model also consistently showed maximum scour depths within the federal 
navigation channel adjacent to the RAB and the Boeing DSOA.  Increased scour potential 
was also identified in a localized area just east of the federal navigation channel within the 
eastern central portion of the RAB in the turn of the LDW (AECOM 2010). 
 
An additional model was run to evaluate the potential for ship-induced bed scour within the 
LDW.  The ship-induced scour simulations indicated that (due to the passage of a single ship) 
the approximate upper bound estimates of average bed scour along the eastern bench 
adjacent to the RAB is 0.7 centimeters with a range between the 12 different model 
simulations of less than 1 to 2.9 centimeters (Windward and QEA 2008).   
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2.3.5 Estuarine Features 

The estuarine features within the LDW are detailed in the LDW Final RI (Windward 2010) 
and are briefly summarized in this section. 
 
The LDW is a well-stratified, salt wedge-type estuary influenced by freshwater flow and 
tidal effects that are highly seasonally dependent.  Freshwater moving downstream overlies 
the tidally influenced saltwater entering the system.  Typical of salt wedge estuaries, the 
LDW has a sharp interface between the freshwater outflow at the surface and the saltwater 
inflow at depth.  Dye studies indicate that downward vertical mixing over the length of the 
saltwater wedge is almost non-existent (Schock et al. 1998).  Freshwater inflow exerts a 
strong influence on the relative thicknesses of the two layers.  The thickness of the 
freshwater layer increases with increasing river flow rates throughout the LDW.  The 
upstream location or “toe” of the salt wedge is typically located upstream of the RAB under 
most flow conditions, but under high flow conditions the river may act as a tidal freshwater 
river near the RAB (Windward and QEA 2008).   
 
The following tidal datums exist for the Eighth Avenue South tide gage station and are 
considered representative of the tidal conditions encountered in the RAB: 

• Highest estimated tide: 15.0 feet MLLW plus or minus 0.5 feet  
• Mean higher high water (MHHW): 11.10 feet MLLW 
• Mean high water: 10.24 feet MLLW 
• Mean low water: 2.76 feet MLLW 
• Lowest estimated tide: -4.5 feet MLLW plus or minus 0.5 feet 

 
These datum are expressed in terms of MLLW; conversions to other datums can be accessed 
on USACE’s website (2008a).  
 

2.3.6 In-water Bathymetry and Upland Topography  

The top of bank within the RAB resides at approximately 19 feet MLLW and the eastern 
edge of the federal navigation channel within the RAB ranges from -10 to -14 feet MLLW 
(Figure 2-1).  North of the sheetpile wall the shoreline bank area is steep (approximately 1:1 
horizontal to vertical slope [H:V]) with a more gradual slope below the toe of slope.  The 



 
 
 Removal Action Boundary Characterization 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility 21 080224-01 

mudline elevations adjacent to the sheetpile wall have a gradual slope with a top elevation of 
approximately 5 feet MLLW.  The mudline elevations adjacent to the concrete panel wall 
have a relatively more gentle slope starting at approximately 2 feet MLLW resulting in a 
localized mudflat area.   
 
The Facility topography is relatively flat and ranges from elevations of approximately 19 to 
20 feet MLLW.  
 

2.3.7 Shoreline Conditions 

A shoreline reconnaissance survey was conducted along the bank of the RAB on May 14, 
2003, to document the physical characteristics of the shoreline.  Photos of the entire length 
of the shoreline adjacent to the Facility are shown on Figures 2-2a, 2-2b, and 2-2c.  The 
survey was conducted during low tide conditions with the river elevation at approximately  
-1 foot MLLW.  The shoreline north of the sheetpile wall within the RAB is steep 
(approximately 1H:1V) and covered with a combination of riprap, concrete blocks, chunks of 
asphalt, other debris and approximately 40 visible aboveground remnant timber piles of 
variable length.  The shoreline also includes the following features: 

• Six historical inactive outfall discharge pipes (Outfalls 004, 005, 006, 007, 008, and 
009) that extend through the bank along this portion of the shoreline 

• Remnant timber decking along the bank and overhanging a small portion of the 
shoreline above Outfall 008 

• A small cantilevered concrete pad slightly overhanging the top of bank adjacent to 
Outfall 007 

• Several debris piles that look to be composed of solidified molten metal at the toe of 
the bank between Outfall 004 and 006 (Figure 2-2b) 

 
The shoreline along the approximately southern 100 linear feet of the RAB contains a 
gradual sloping mudline adjacent to an abutted sheetpile wall and concrete panel wall.  As 
shown in Figure 2-2c, the slope along the sheetpile wall contains scattered larger debris, 
riprap, and cobble with decreasing coverage of cobble farther towards the channel.  The 
slope adjacent to the majority of the concrete panel wall is a mudflat with limited scattered 
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cobble.  A large building is located approximately 20 feet east of the top of the sheetpile and 
concrete panel walls. 
 

2.3.8 Utility Crossings 

No utility crossings through the RAB have been identified.   
 

2.3.9 Facility Stormwater Discharges 

The following subsections summarize the outfalls that historically or currently discharge 
stormwater from the Facility to the RAB.  
 

2.3.9.1 Historical Discharges 

Outfalls identified as Outfalls 004 through 009 are currently inactive and historically 
discharged stormwater to the RAB (Figures 2-2a, 2-2b, and 2-2c).  In the mid-1980s, Outfalls 
005 to 009 were plugged using concrete, and a dye tracer study was used to confirm complete 
enclosure of each outfall (Linne 2003).  There is no documentation regarding the origins of 
stormwater that discharged through Outfalls 005 to 009.  Discussions with Jorgensen Forge 
and research of the Jorgensen Forge files show that Outfall 004 is an emergency overflow 
that is only used on rare occasions when the cooling-tower pump station malfunctions or 
when a pipe breaks and floods the cooling-tower pump station belowground basin.  For this 
reason, Outfall 004 was removed from the Permit through submittal of the appropriate 
paperwork to Ecology in November 2009.  
 

A single stormwater outfall that has never been managed by Jorgensen Forge also discharges 
through the shoreline bank of the RAB adjacent to the Facility.  Previous investigations by 
Boeing and Jorgensen Forge identified that this outfall has conveyed discharges from two 
pipes:  

1. A 15-inch concrete pipe that historically served portions of Plant 2 
2. A 24-inch concrete pipe that served portions of the Facility (currently inactive), Plant 

2 (currently inactive), King County International Airport (currently inactive), and 
East Marginal Way South (currently active)   

 
These pipes are referred to as the Boeing 15-inch and 24-inch property line storm pipes.  
Both pipes transit the Facility immediately adjacent to the property line for Plant 2 



 
 
 Removal Action Boundary Characterization 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility 23 080224-01 

(Figure 2-1; see Section 2.6.1.1).  A 12-inch-diameter lateral stormwater pipe that originates 
on the Facility property enters the 24-inch property line storm pipe.  Research of the 
Jorgensen Forge files has not identified the nature and extents of this lateral or the timeline 
of discharge to the 24-inch property line storm pipe.  Due to its location and configuration, it 
is likely that the lateral historically served as a roof drain for the Bethlehem Steel Facility 
that operated on the northern portion of the Facility property from 1951 to 1963.   
 

2.3.9.2 Active Discharges 

Currently, active stormwater runoff from the Facility discharges into the RAB through 
Outfalls 001, 002 and 003 (Figure 2-2c) under Ecology’s National Pollution Discharge 
Elimination System (NPDES) Industrial Stormwater General Permit (Permit; No. 
WAR003231).  Discharge under this Permit complies with the provisions of the State of 
Washington Water Pollution Control Law, Chapter 90.48 of the Revised Code of 
Washington (RCW), and with the CWA, Title 33 of the U.S. Code, Section 1251, et seq.  
Each of these outfalls is described in the following subsections. 
 

2.3.9.2.1 Outfall 001 

Outfall 001 is a permitted, active outfall located on the south side of the Facility that consists 
of a 12-inch-diameter pipe discharging stormwater from impermeable surfaces and roof 
drains on the southern portion of the Facility.  Stormwater that infiltrates through the 
railroad scale weighing platform and groundwater that infiltrates into the vacuum de-gassing 
pit is pumped to this outfall.  The outfall discharge location is below the MHHW elevation, 
at an elevation of 12.42 feet MLLW, and is exposed through a concrete panel in the concrete 
panel wall.  The terminus of the outfall is recessed into the concrete panel wall a short 
distance. 
 

2.3.9.2.2 Outfall 002 

Outfall 002 is a permitted, active outfall located on the south side of the Facility that consists 
of a 12-inch-diameter pipe discharging stormwater from impermeable surfaces, including 
roof drains on the southern portion of the Facility.  The outfall discharge location is located 
below the MHHW elevation, at an elevation of 9.04 feet MLLW, and is exposed through the 
sheetpile wall.  The terminus of the outfall extends approximately 6 inches beyond the edge 
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of the sheetpile wall and is composed of corrugated metal.  The length of the corrugated 
metal pipe is unknown, but it is anticipated to connect to concrete pipe a short distance 
beyond the sheetpile wall. 
   

2.3.9.2.3 Outfall 003 

Outfall 003 is a permitted, active outfall located on the south side of the Facility that consists 
of an 18-inch-diameter reinforced concrete pipe discharging stormwater collected from 
impermeable surfaces, including roof drains, from the majority of the Facility.  The outfall 
discharge location is located below the MHHW elevation, at an elevation of 8.91 feet MLLW, 
and is exposed through the sheetpile wall.  The terminus of the outfall extends approximately 
1 foot beyond the sheetpile wall and is composed of concrete. 
 

2.3.10 Summary of Dredging Activities 

The steady accumulation of sediment within the LDW has required USACE to perform 
regular maintenance dredging since 1916 to maintain the appropriate depths in the federal 
navigation channel (Figure 2-1) for commercial vessel traffic (Weston 1999).  The 
maintained depths range from approximately -15 to -30 feet MLLW extending from just 
upstream of Turning Basin 3 to the southern tip of Harbor Island (Weston 1999).  USACE has 
maintained the federal navigation channel at -15 feet MLLW adjacent to the RAB.  These 
dredging events have generally maintained an approximately rectangular channel 
configuration with steep slope transition zones adjacent to the navigation channel, with 
shallow intertidal benches in some areas on either side of the transition zones.  The dredging 
events have removed potentially contaminated sediments and created short-term effects on 
sediment transport and deposition in the RAB.   
 
To determine the horizontal and vertical extents of dredging within the RAB, USACE 
elevation survey and dredging records for the LDW were reviewed.  The records available 
that address dredging within the vicinity of the RAB are included in Appendix D.  USACE 
records include condition surveys, maintenance dredge designs, and after-dredging condition 
surveys.  The earliest documented elevation survey in the vicinity of the RAB was in 1942 
prior to development of the Facility; the survey showed the former embayment in the 
central portion of the Facility shoreline.  The records show that USACE conducted 
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maintenance dredging within the federal navigation channel adjacent to the Facility in 1945, 
1949, 1950, 1954, 1958, 1960, 1965, 1968, 1976, and 1978, sometime between 1989 and 1993, 
and in 2002.  The target dredge depth was consistently -15 feet MLLW and the as-dredged 
conditions typically ranged from -14 feet to -16 feet MLLW with a maximum range in depths 
from -9.4 to -22.3 feet MLLW.   
 
There are no records of dredging conducted within the nearshore area adjacent to the 
Facility other than incidental removal by USACE outside the channel limits at some distance 
to ensure the full horizontal extents of the channel were dredged.  The extent of dredging 
east of the channel was generally greater during earlier dredging events, especially with the 
southern portion of the RAB, which is anticipated to have been caused by lack of 
sophisticated horizontal control (Appendix D).  Specifically, the July 1945, July 1946, July 
1948, and July 1949 condition surveys consistently show that dredging outside (east) of the 
channel along the southern portion of the RAB consistently reached depths much greater 
than the -15 feet MLLW target elevation, ranging from -17.4 to -22.3 feet MLLW.  These 
much-greater depths influence the depth of sediment chemical concentrations identified in 
Section 2.4.1; therefore, they also affect the removal action alternatives presented in 
Section 6.  The more recent dredge designs and accurate dredging horizontal control have 
limited the extent of dredging east of the channel.  
 

2.3.11 Summary of Filling Activities  

USACE records show the historical embayment (Figure 2-1) was filled between May 1944 
and July 1945.  No direct evidence was found regarding the fill design or source material, 
although the federal navigation channel adjacent to the embayment was dredged in 1945 
(Appendix D), allowing potential placement of the dredged material in the embayment.   
 
A historical Boeing drawing (No. 342 957-2), dated 1954 and titled “Sewer Outfall 
Improvement,” shows that Boeing designed an improvement to the combined discharge 
location of the Boeing 15-inch and 24-inch property line storm pipes that included 
placement of fill along the northwest corner of the Facility in a previously existing small 
embayment.  This fill allowed extension of the storm pipes farther into the LDW. 
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2.3.12 Ecosystem Conditions 

This section provides an overview of existing information regarding habitat near the RAB 
and potential use by benthic invertebrates, fish, and wildlife.  This information was obtained 
from a variety of LDW RI documents, as referenced in this subsection. 
 

2.3.12.1 Existing Habitat 

The RAB is located in a highly developed industrial area with neighboring Boeing properties 
to the north and south along the LDW.  The shoreline and surrounding upland areas have 
been substantially modified and developed since the channel was straightened and widened 
(Figure 1-1), eliminating upland and aquatic habitat.  A summary of the existing habitat 
types within the RAB is shown in Figure 2-8.   
 
The northern portion of the shoreline is heavily armored and an abutted sheetpile wall and 
concrete panel wall exist along the southern shoreline (Figure 2-2a, 2-2b, and 2-2c).  The 
dominant substrate size is angular rock extending to approximately -1 feet MLLW elevation 
and grading to mud and silt in the intertidal zone.  As the shoreline levels out from the toe of 
the shoreline bank, a mudflat is exposed during low tide conditions.  Surface sediment 
percent fines adjacent to the shoreline contained less than 20 percent fines above the 0 feet 
MLLW elevation, ranged between 60 and 80 percent along the northwestern corner of 
shoreline, and ranged between 20 and 60 percent along the middle/southern portion of the 
shore.  In general, the fines content increases with distance from the shoreline bank, 
indicating a lack of accretion along the mid-upper shoreline bank (Anchor and 
Farallon 2008a). 
 
The LDW experiences tidal action due to its connection to Elliott Bay in Puget Sound 
(Section 2.3.5), which is approximately 3.6 miles downstream.  The tidal action leads to 
measurable daily fluctuations of the water surface elevation on the bank and intertidal zone.  
Elevations within the RAB range from approximately 19 feet MLLW at the existing top of 
bank to approximately -14 feet MLLW along the eastern edge of the federal navigation 
channel.  Shoreline bank slopes are approximately 1H:1V and approach a gentler 3H:1V to 
4H:1V slope in the intertidal zone.   
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2.3.12.2 Biota 

Benthic invertebrate sampling by LDWG in 2004 did not include any sampling locations in 
the RAB (Windward 2005a).  The following descriptions are based on benthic communities 
in similar habitat types and the limited monitoring results from other locations in the LDW.  
Results of the 2003 to 2004 LDW clam, crab, and shrimp surveys conducted by LDWG as 
part of the RI process are described in Section 2.3.12.3. 
 
Cordell and others (1994, 1996, and 2001) sampled benthic invertebrate communities at the 
following intertidal reference sites in the LDW:  

• Terminal 105, approximately 3.4 miles downstream from the RAB 
• GSA Bench, approximately 2.6 miles downstream from the RAB 
• Kellogg Island, approximately 2.8 miles downstream from the RAB 
• Turning Basin No. 3, approximately 1 mile upstream from the RAB 

 
Identified intertidal benthic invertebrate assemblages were similar to other locations in the 
LDW estuary.  Although there were differences between sites, the dominant benthic 
macrofauna included nematodes, oligochaetes, the gammarid amphipod Corophium spp., the 
cumacean Leucon sp., the polychaetes Manayunkia aesturina and Hobsonia florida, and 
several species in the family Spionidae.  The bivalve Macoma spp. was present at most 
stations.  
 
The benthic meiofauna (smaller marine organisms) community was dominated by 
harpacticoid copepods and nematode worms (Cordell et al. 1994, 1996).  Some of these 
benthic invertebrates in intertidal and subtidal habitats of the LDW are important as prey 
organisms for resident and migratory fishes, including outmigrating juvenile salmon 
(Thom et al. 1989; Simenstad et al. 1991; Cordell et al. 1996), and for resident and migratory 
shorebirds (Battelle et al. 2001).  Because these prey organisms typically favor smaller 
sand/mud substrates, they would be expected in finer substrate areas of the RAB, such as the 
intertidal mudflat area adjacent to the southern portion of the concrete panel wall and the 
deeper subtidal areas lacking the presence of armor.  These organisms would likely avoid the 
areas of the RAB with much higher density of riprap rock armoring, which exists north of 
the concrete panel wall above the toe of riprap elevation (Figure 2-8) leading to less 
productive feeding habitat for juvenile salmonids (Meyer et al. 1981).   
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2.3.12.3 Shellfish 

Shellfish in the LDW include clams, crabs, shrimp, and mussels.  LDWG sampled clams along 
the LDW in the vicinity of the RAB (Windward 2004a); the closest location is on the 
opposite side of the LDW.  In this area, clam abundance was 0.18 clam per square foot, 
mostly Macoma balthica, and occasionally Macoma spp. and Mya arenaria.  When LDWG 
(2004b) sampled at RM 3.4 and RM 3.8 as part of a quarterly LDW crab and shrimp survey, 
slender crab (Cancer gracilis) and Dungeness crabs (Cancer magister ) where caught at both 
sites but no shrimp were caught in either area.  Invertebrates from the RAB have not been 
tested for tissue chemical concentrations; however, clams at Slip 4 (RM 2.9) were tested and 
results were published as part of the Lower Duwamish Waterway Slip 4 Early Action Area 
Engineering Evaluation/Cost Analysis (Integral 2006). 
 

2.3.12.4 Salmonids 

The LDW provides habitat for young and returning adult salmonids.  A comprehensive 
review of salmonid populations, life histories, and status in the Duwamish/Green River has 
been prepared by King County (2000).  General information on salmonid species is 
summarized in this section.  
 
The Duwamish/Green River system currently includes the following salmon species: 

• Chinook salmon (Oncorhynchus tshawytscha) 
• Coho salmon (Oncorhynchus kisutch) 
• Chum salmon (Oncorhynchus keta) 
• Pink salmon (Oncorhynchus gorbuscha) 
• Steelhead trout (Oncorhynchus mykiss) 
• Cutthroat trout (Oncorhynchus clarki clarki) 

 
Upstream migration of adult salmonids occurs throughout the year but is greatest in late 
summer and fall.  Adults tend to stay in shallow nearshore areas before proceeding upriver.  
Salmon spawning does not occur in the LDW, but begins in the lower Green River (RM 24) 
and continues upstream (King County 2000).  Juvenile salmonids are most abundant in the 
LDW between mid-April and mid-June, and peak abundance periods are related to hatchery 
releases upstream.  To protect listed salmonid species, timing for in-water construction work 
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(for example, dredging, capping, and habit placement) in the LDW typically extends 
annually from October 1 to February 15 (USACE work window).  These dates are set based 
on consultation with the National Marine Fisheries Services (NMFS) and may vary from year 
to year and project to project. 
 
The importance of estuaries and particularly shallow nearshore areas in the early life history 
of salmonids has been well documented (Meyer et al. 1981; Thorpe 1994).  These areas 
provide food and refuge from predators during acclimation to saltwater.  While juvenile 
salmonid use of the LDW is well documented (Meyer et al. 1981; King County 2000), the 
greatest juvenile salmonid densities are generally found over shallow, sloping, relatively soft 
mud beaches (King County 2000), a habitat type that only is partially present adjacent to the 
south side of the concrete panel wall along the southern portion of the RAB.  Juvenile 
salmonid sampling was conducted in the vicinity of the RAB in 2000 and 2003 at Slip 4 (RM 
2.9) and at a Kellogg Island restoration site (approximately 3 miles downstream; Figure 1-1) 
and revealed that catches were much smaller at Slip 4 (Integral 2006). 
 
Other salmonid species in the LDW are steelhead trout, coastal cutthroat, and bull trout 
(Salvelinus confluentes).  King County (2000) reports two Duwamish/Green River winter 
steelhead stocks: a native wild spawning population and an early release hatchery stock.  
There is also a summer-run hatchery stock.  Like the salmon species mentioned previously, 
juvenile steelhead use shallow nearshore areas for feeding, refuge, and physiological 
transition from fresh to saltwater.  Coastal cutthroat are consistently found in the 
Duwamish/Green River basin but are not as abundant as Chinook, Coho, chum, and 
steelhead (King County 2004).  The Duwamish/Green Watershed is listed as critical habitat 
under the Endangered Species Act (ESA) for bull trout.  
 
There have been no tests on salmonid tissue chemical concentrations at the Site; however, 
chemical testing on juvenile Chinook salmon was conducted at Slip 4 in 2000, as discussed in 
the Lower Duwamish Waterway Slip 4 Early Action Area Engineering Evaluation/Cost 
Analysis (Integral 2006).  
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2.3.12.5 Non-salmonid Fishes 

The LDW is inhabited by numerous non-salmonid resident fish species.  Fifty-three resident 
and non-resident fish species were captured in the LDW during recent sampling events 
(Windward 2004b, 2005b, and 2006a).  During previous sampling events, 33 resident and 
seasonal species of fish (Warner and Fritz 1995), 29 species (Miller et al. 1997), and 28 species 
were recorded in the LDW (Matsuda et al. 1968). 
 
The following fishes, along with Chinook, chum, and Coho salmon, were identified as 
abundant at the time of the sampling events:  

• Shiner surfperch (Cymatogaster aggregata) 
• Snake prickleback (Lumpenus sagitta) 
• Pacific sandlance (Polygonella myriophylla) 
• Pacific staghorn sculpin (Leptocottus armatus) 
• Longfin smelt (Spirinchus thaleichthys) 
• English sole (Pleuronectes vetulus) 
• Juvenile Pacific tomcod (Microgadus proximus) 
• Pile perch (Damalichthys vacca) 
• Rock sole (Lepidopsetta bilineata) 
• Surf smelt (Hypomesus pretiosus) 
• Three-spined stickleback (Gasterosteus aculeatus) 
• Pacific herring (Clupea herengus pallasii) 
• Starry flounder (Platichthys stellatus) 

 
Fish abundance in the LDW reaches its maximum in late summer to early fall and is 
generally lowest in winter (Dexter et al. 1981; Miller et al. 1977). 
 

2.3.12.6 Wildlife 

Bird species likely to be present include those adapted to urban environments, such as:  

• Great blue heron (Ardea herodias) 
• Killdeer (Charadrius vociferus) 
• Canada geese (Branta canadensis) 
• Belted kingfishers (Megaceryle alcyon) 
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• Spotted sandpipers (Actitis macularius) 
• European starlings (Sturnus vulgaris) 
• A variety of gull species, swallows, sparrows, finches, rock doves, and crows  

 
Windward (2003b) reported that up to 87 species of birds use the LDW at least part of the 
year to feed, rest, or reproduce.  Bald eagles (Haliaeetus leucocephalus), peregrine falcons 
(Falco peregrines), and osprey (Pandion haliaetus) have been observed along the LDW.  
Aquatic species include a variety of ducks, including mallards, gadwall, scoters, goldeneyes, 
and scaup.  Pigeon guillemots, mergansers, grebes, and cormorants may feed on small fish 
(Cordell et al. 1996; USACE et al. 1994; Weston 1996).  It is likely that these species would 
use the RAB primarily for resting and feeding, as nesting habitat and cover are extremely 
limited.  
 
The highly developed land use surrounding the RAB makes most of the area unsuitable for 
many terrestrial mammals.  Various small mammals that inhabit urban habitats could be 
present, including rabbits, opossums, mice, shrews, moles, bats, squirrels, muskrats, and 
raccoons.  There are river otters in the LDW at Kellogg Island, but lack of suitable habitat 
makes it unlikely that this species would be found within the RAB.   
 
The LDW provides habitat for several species of marine mammals that could be present, 
although this is unlikely.  Harbor seals and sea lions are commonly seen in Elliott Bay and 
have occasionally been observed in the LDW.  During a survey conducted by Washington 
State Department of Fish and Wildlife (WDFW) from December 1998 to June 1999, sea lions 
were observed in the LDW on 16 occasions and seals on 17 occasions (WDFW 1999), with 
most observations of both species occurring below the First Avenue South Bridge several 
miles downstream from the RAB (Figure 1-1).  The nearest haul-outs to the RAB are located 
on Harbor Island.  Steller sea lions (Eumetopias jubatus) and killer whales (Orcinus orca) 
have been observed in Elliott Bay, but there is no record of these species entering the LDW.  
Similarly, Dall’s porpoise (Phocoenoides dalli) are present outside Elliott Bay, and minke and 
gray whales are occasionally reported in Elliott Bay, but these species are unlikely to enter 
the LDW. 
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2.3.12.7 Threatened and Endangered Species 

Nineteen fish and wildlife species observed in the LDW are listed under the ESA and/or by 
WDFW as threatened, endangered, candidate species, or species of concern (Table 2-1).  
Windward (2003b) reports that except for Chinook salmon, Coho salmon, bull trout, bald 
eagle, western grebe (Aechmophorus occidentalis), and perhaps Pacific herring, use of the 
LDW by these listed species is rare or incidental. 
 

2.4 Summary of Environmental Data 

A number of environmental investigations have been conducted to document environmental 
quality in the vicinity of the RAB.  Numerous in-water investigations have been conducted 
by LDWG with EPA review and approval to adequately characterize environmental quality 
throughout the LDW, including the RAB, to support the RI/FS for the LDW Superfund Site 
cleanup process.  As discussed in Section 1.2, this initial data collection resulted in the 
identification of the sediments and shoreline bank area within the RAB as a portion of EAA-
4.  Following the EAA-4 designation, Boeing has performed a number of sediment 
characterizations within the Boeing DSOA and RAB focused on determining the nature and 
extents of documented PCB releases from Plant 2.   
 
Based on the results of the Boeing findings, EPA and USACE conducted additional 
characterization within the RAB to further evaluate potential sources of PCBs from Plant 2 
and the Facility.  In addition, EMJ (the former owner and operator of the Facility) conducted 
sediment characterization under an AOC with EPA to evaluate sources of PCBs from the 
Facility.  In a September 5, 2005, letter, EPA stated that the data collected from these 
investigations “…gives adequate surface and subsurface sampling coverage from the Boeing 
Plant/Jorgensen Forge property boundary to the southern boundary of the Jorgensen Forge 
facility, and from the toe of the riprap slope to the Federal navigation channel” (EPA 2005a).  
 
As stated in EPA’s September 6, 2005, letter (Appendix C), the data collected from these 
investigations is sufficient to identify the RAB (Section 4.2.2) and evaluate a range of removal 
action alternatives that are protective of human health and the environment within the 18-
inch vertical point of compliance.  The following subsections provide a brief summary of the 
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environmental quality of surface and subsurface sediment, sediment porewater, sediment 
water seeps, groundwater, shoreline bank-face, and upland soils and stormwater.   
 

2.4.1 Sediment Quality  

The sediments within the RAB have been characterized during a number of investigations, 
most recently by Boeing (MCS 2004), EMJ and Jorgensen Forge (Anchor and Farallon 2006),  
a joint effort by USACE and EPA (Herrera and USACE 2008), and EPA (Windward 2007a, 
2007b).  LDWG compiled the sediment quality information into a single database to ensure 
all parties have access to and use the same data set for sediment quality evaluations.  This 
database was used for the data summary and evaluations presented in this Final EE/CA.   
 
As discussed in Section 1, target sediment cleanup levels have not yet been established for 
use in the LDW Superfund Site.  For this reason, as directed by EPA, the sediment quality 
data within the vicinity of the Facility were compared to the SMS criteria (Chapter 173-204 
Washington Administrative Code [WAC]).  Evaluation of sediment quality data under the 
SMS is based on a tiered approach.  The initial evaluation includes a comparison of existing 
sediment quality data with the SMS SQS and Cleanup Screening Level (CSL) numerical 
criteria (Table 2‐2).  Sediments that meet the SQS criteria are anticipated to have a low 
likelihood of adverse effects on biological resources that primarily dwell in the sediments 
(that is, benthic organisms).  An exceedance of the SQS numerical criteria, however, does not 
necessarily indicate adverse effects or toxicity, and biological testing may be used to further 
evaluate the potential for sediment toxicity regardless of the identified chemical 
concentration.   
 
Furthermore, the sediment toxicity may not correlate with the degree of the SQS 
exceedance.  The CSL (also known as the minimum cleanup level [MCUL]) is greater than or 
equal to the SQS and represents a higher level of risk to benthic organisms than SQS levels.  
The CSL is defined as the maximum allowed chemical concentration and level of biological 
effects permissible at a cleanup site to be achieved by Year 10 following completion of a 
cleanup (Chapter 173-204 WAC).   
 
Per WAC Section 173-204, the SMS SQS and CSL criteria for organic chemicals (excluding 
ionizable organic compounds) are normalized to account for the TOC content of the 
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sediments.  For LDW sediments, the recommended range for TOC‐normalization is 0.5 to 3 
percent TOC (Michelsen 1992).  Organic chemical with TOC concentrations outside this 
range were maintained on a dry weight basis and compared to the dry‐weight lowest 
apparent effects threshold (LAET) and second lowest apparent effects threshold (2LAET) 
values (PTI 1988).  Updated apparent effects thresholds have been developed and are 
considered useful for risk assessments by EPA, but EPA and Ecology currently do not 
recognize these updates as having a regulatory basis because these values have not undergone 
scientific or public/stakeholder review as required by the SMS regulations. 
 
The surface and subsurface sediment sampling stations in the vicinity of the RAB are 
depicted on Figures 2-9 and 2-10, respectively.  As shown on Figure 2-10, several subsurface 
sampling stations were sampled in very close proximity within the RAB.  The LDW Final RI 
(Windward 2010) identified that sampling stations are considered co-located if the stations 
are located within 10 feet.  In these cases, the data from the more recently-collected station 
is considered more representative of existing conditions and is used in lieu of the older data.  
The following stations within the RAB met this definition of co-located:  

• AJF-16 and SD-317-S 
• AJF-15 and SD-310-S 
• AJF-11 and SD-315-S  

 
Stations AJF-11, AJF-15, and AJF-16 were collected more recently, so data from those 
stations were used in the sediment quality evaluations presented in this Final EE/CA.   
 
A summary of the sampling density for each of the SMS analytes and exceedances of the 
associated SQS and CSL criteria are summarized in Table 2-3.  The analytical results detected 
concentrations of PCBs, metals, and semivolatile organic compound (SVOC) in sediments 
and/or shoreline bank soils above the SQS criteria within the RAB.  Total PCB SQS 
exceedances were identified in surface and subsurface sediment over a wide range, both 
vertically and horizontally.  Additionally, all identified surface and subsurface SQS 
exceedances for the full range of SMS analytes were co-located with total PCB SQS 
exceedances.  Only two subsurface samples contained SQS exceedances for chemicals 
(arsenic, lead, and zinc) in addition to PCBs.   
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2.4.1.1 Physical Results  

The surface sediment percent fine concentrations and TOC in the vicinity of the RAB are 
depicted on Figure 2-4 and 2-5, respectively, and summarized on Table 2-4.  The TOC 
content ranges from 1.16 to 3.4 percent.  TOC concentrations were relatively higher adjacent 
to the northwestern corner of the Facility within the Boeing DSOA and in scattered areas in 
the vicinity of the northern portion of the sheetpile wall, and Facility Outfalls 004 and 005.  
The surface sediment percent fines within the RAB were less than 20 percent along the 
shoreline above the 0 feet MLLW elevation, ranged between 60 and 80 percent along the 
northwestern corner of shoreline within the Boeing DSOA, and ranged between 20 and 60 
percent adjacent to the middle/southern portion of the Facility.  The fines (silt and clay 
fraction) content increases with distance from the shoreline bank, indicating a lack of net 
deposition along the mid- to upper shoreline bank. 
 
The subsurface sediment TOC content ranged from 0.065 to 3.6 percent and varied by a 
factor of 1 to 10 in several cores.  Only a limited number of cores and core intervals were 
analyzed for fines content.  With the exception of station AJF-07 and AJF-14, cores analyzed 
for fines content throughout the penetration depth generally showed noticeable decreases in 
fines content with depth.  Station AJF-07 showed relatively high fines content throughout 
the penetration depth (78 to 91 percent fines), whereas station AJF-14 showed relatively low 
fines content with depth (3 to 25 percent fines).  No spatial trends in fines content were 
observable. 
 

2.4.1.2 Total PCBs 

Seventy-six surface sediment samples were collected and sampled for total PCBs within the 
RAB (Figure 2-11), 51 of which showed exceedances of the SQS criterion (12 milligrams 
mg/kg OC normalized) and 14 showed exceedances of the CSL criterion (65 mg/kg OC; 
Table 2-4).  The stations within the federal navigation channel adjacent to the RAB showed 
no PCB exceedances.  A cluster of surface sediment total PCBs concentrations were greater 
than two times the CSL criterion adjacent to and just north of the sheetpile wall along the 
southern shoreline of the RAB.  Additionally, a single station located approximately on the 
eastern federal navigation line (station SD-322-S) and three other scattered stations showed 
total PCB concentrations greater than two times the CSL criterion.   



 
 
 Removal Action Boundary Characterization 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility 36 080224-01 

A total of 115 subsurface sediment samples from 33 core locations were collected and 
sampled for total PCBs within the RAB (Figure 2-12), 56 of which showed exceedances of 
the SQS criterion and 21 showed exceedances of the CSL criterion (Table 2-4).  The 
subsurface total PCB concentrations are horizontally and vertically heterogeneous.  Of the 17 
stations located just east of the federal navigation channel, six stations showed no total PCB 
concentrations above the SQS criteria throughout the sampled depth, nine stations showed 
total PCB concentrations above the SQS criteria in the 0- to 2-foot interval, and two stations 
showed CSL exceedances in the 0- to 2-foot interval.  Three of the stations showed CSL 
exceedances below the 0- to 2-foot interval.  Farther east approaching the shoreline, stations 
adjacent to the sheetpile and concrete panel walls show do not show SMS exceedances below 
the surface 0 to 1-foot interval except from 2 to 3-feet and 3 to 3.3-feet at station SD-314A-S 
(greater than LAET and SQS, respectively).  Stations farther downstream within the RAB 
showed heterogeneous PCB concentrations at depth with bounded and unbounded SQS and 
CSL exceedances extending down to 4 feet below mudline.  Station AJF-07 showed the 
deepest depth of SQS exceedance from 6 to 6.65 feet below mudline.  
 
Review of the vertical distribution of PCBs (Figure 2-12) show that some core stations 
contain SQS exceedances in the bottom analyzed depth interval, so the depth below mudline 
to achieve concentrations below the SQS is currently unknown.  Those stations include: 

• SD-309-S 
• SD-311-S 
• SD-314A-S 
• SD-316-S 
• SD-320-S 
• SD-322S 
• AJF-07 
• SD-216 

 
Stations SD-317-S and SD-210D-PL2 were not included on this list because co-located cores 
at these stations are more representative of existing conditions (see Section 2.4.1).  The core 
log at each of the previously-listed unbounded SQS exceedance stations was reviewed to 
determine if refusal was encountered (Herrera and USACE 2008; Anchor and Farallon 2006; 
MCS 2004).  Stations where refusal was not encountered may indicate that the identified 
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exceedances have the potential to extend to deeper depths.  For each station, the core logs 
did not note that refusal was encountered and/or additional volume was recovered below the 
unbounded exceedance depth but not analyzed.   
 

2.4.1.3 Metals 

Sixty-five (cadmium, chromium, copper, lead, mercury, silver and zinc) and 53 (arsenic) 
surface sediment samples were collected and sampled for metals within the RAB.  A 
summary of the metals sampling density and SQS exceedances within the RAB is provided in 
Table 2-3.  No SQS exceedances for arsenic, cadmium, copper, or silver were detected in the 
surface sediments.  Consistent with the total PCB concentrations, a cluster of surface 
sediment stations in the vicinity of the sheetpile wall along the southern shoreline of the 
RAB showed chromium (Figure 2-13), lead (Figure 2-14), and zinc (Figure 2-15) 
concentrations greater than two times the CSL criteria.  Surface sediment lead and zinc 
concentrations exceeded the SQS and/or CSL criteria at two other stations farther 
downstream.  All of the metal SMS exceedances were limited to the nearshore area at 
elevations above -1 foot MLLW. 
 
Sixty-six (cadmium, chromium, copper, lead, silver and zinc) and 53 (arsenic and mercury) 
subsurface sediment samples were collected and sampled for metals within the RAB.  
Subsurface exceedances of the SQS criteria were limited and only identified at station AJF-07 
from 3 to 4 feet and 6 to 6.65 feet below mudline for arsenic, station SD-311-S and SD-312-S 
from 1 to 2 feet below mudline for lead, and station AJF-12 from 2 to 3 feet and station SD-
312-S from 1 to 2 feet for zinc.  The 6-to-6.65 arsenic exceedance is the only station showing 
unbounded SQS exceedances at the bottom sampling interval for a chemical other than PCBs 
 

2.4.1.4 Other Chemical Compounds 

Between 19 and 20 surface sediment samples were collected and sampled for chemicals other 
than PCBs and metals within the RAB.  The majority of the sampling stations showed SVOC 
concentrations below the SQS criteria except those depicted in Figure 2-16 and shown on 
Table 2-5.  SVOC analytes detected above the SMS SQS criterion includes the following:  

• Butylbenzylphthalate 
• Dibenzofuran 
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• Fluorene 
• Phenanthrene 

 
Phenol exceedances of the SMS SQS criteria were also identified.  The SMS SQS exceedance 
factors (identified concentration divided by the applicable SQS criteria) for the SVOCs and 
phenols were generally low ranging from 1 to 3 (Figure 2-16).  No CSL exceedances were 
identified. 
 
A single subsurface sediment sample was collected and sampled for non-PCB and metal 
chemicals within the RAB.  No SMS exceedances were identified in this sample.   
 

2.4.2 Shoreline Debris Pile 

The outfall reconnaissance survey performed in May 2003 identified two debris piles 
(identified as the North Debris Pile and the South Debris Pile; Figure 2-1) at the toe of the 
bank, slightly north of the sheetpile wall area near Outfall 004.  The debris piles are 
composed of black solid asphalt-like material containing nails and other miscellaneous 
molten metal debris.  Six samples were collected in August 2004 consisting of sediment 
entrained in the debris and composited.  The total PCB concentrations detected in the North 
Debris Pile and the South Debris Pile were 2.34 and 2.06 mg/kg, respectively, both of which 
exceeded the LAET of 0.13 mg/kg.  Copper and lead concentrations exceeded the SQS and 
CSL criteria in the samples collected from both debris piles, and chromium and zinc SQS and 
CSL exceedances were detected in the sample collected from the North Debris Pile. 
 

2.4.3 Shoreline Bank-face Fill  

Shoreline bank-face fill sampling was conducted in the RAB in August 2004.  This sampling 
included collection of eight fill samples (SS-1 through SS-8) for analysis of total PCBs and 
metals (Figure 2-9).  The fill samples were collected along the face of the bank from locations 
approximately midway between the MHHW elevation (11.10 feet MLLW), and top of the 
slope (approximately 19 to 20 feet MLLW) east of each sample location.  The fill samples 
were collected approximately 40 to 100 linear feet apart and averaged 2 feet in depth below 
the surface of the slope face.  The bank-face fill is comprised of brown silty sand with 
variable percentages of gravel.   
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The bank-face total PCB concentrations range from 0.0255 to 4.54 mg/kg (Table 2-4).  The 
total PCB concentrations at stations SS-1, SS-5, and SS-8 exceeded the LAET of 0.130 mg/kg 
with detected concentrations of 0.3230, 0.1967, and 0.1696 mg/kg, respectively.  The 
concentrations of PCBs in soil samples collected from sample locations SS-2, SS-3, SS-6, and 
SS-7 exceeded the 2LAET of 1 mg/kg with detected concentrations ranging from 1.443 mg/kg 
at station SS-3 to 4.54 mg/kg at station SS-6.  The concentration of PCBs detected from the 
bank-face fill sample collected from station SS-4 did not exceed the LAET. 
 

2.4.4 Sediment Seep Water 

LDWG conducted sediment seep surveys (fluids visually observable seeping through the 
sediments) and sampling as part of the Phase 2 RI for the LDW (Windward and QEA 2008).  
The study was designed to conduct a reconnaissance survey of all LDW seeps and to collect 
seep water from a subset of these seeps for chemical analysis.  Data from this study was used 
to: 

1. Evaluate whether shoreline seep discharges may significantly contribute to chemical 
inputs to the LDW, either through dissolved phase, colloidal phase, or product phase 
inputs  

2. Determine if additional seeps should be selected for sampling in the future either as 
part of the Phase 2 RI site-specific source evaluations, or as part of the source control 
work being conducted by LDWG (Windward 2004c) 

 
A reconnaissance survey conducted by LDWG from May 5 to 10, 2004, showed the general 
shoreline area within the RAB contained generally low level sediment seepage based on field 
observations.  Based on a light sheen observed on the water surface but not in the seep or its 
intertidal vicinity, LDWG decided that chemical samples would be collected from station 
LDW-SP-20 directly adjacent to the concrete panel wall on the southwest shoreline of the 
RAB (Figure 2-9).  Seep water samples were collected on July 1, 2004, and analyzed for the 
following: filtered and unfiltered metals, SVOCs, PCBs, and organo-chlorine pesticides; 
volatile organic compounds (VOCs), TOC, dissolved organic carbon (DOC), and total 
suspended solids (TSS).  In addition, conventional water quality parameters (that is, 
conductivity, temperature, dissolved oxygen, pH, and oxidation-reduction potential) were 
measured and seep flow rate was calculated.   
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The detected shoreline seep analytical results are summarized in Table 2-6.  In summary, 
there were no detections of SVOCs, VOCs, organo-chlorine pesticides, PCBs, TOC, and DOC 
above the laboratory reporting limits.  TSS was estimated at 4.3 milligrams per liter (mg/L).  
Concentrations of arsenic, cadmium, copper, lead, mercury, nickel, silver, and zinc were 
detected above the laboratory method reporting limits, but below the identified screening 
levels identified to be protective of LDW surface water quality (see SCER [Anchor and 
Farallon 2006]).   
 

2.4.5 Sediment Porewater 

Windward (2006b) collected porewater samples as part of the Phase 2 RI investigation 
directly offshore the northwest corner of the Facility within the Boeing DSOA.  The purpose 
of this investigation was to collect porewater samples in areas where VOCs have been 
historically detected in groundwater at upland properties immediately adjacent to the LDW 
(the 2-66 Study Area on Plant 2) to assess risk to benthic invertebrates.  Six nearshore 
sediment stations were sampled for sediment porewater using a piezometer assembly and 
eight stations using a peeper assembly.   
 
The sampling locations are shown on Figure 2-17.  All samples were analyzed for a list of 71 
VOCs.  Four VOCs were detected in the porewater samples collected via the peeper assembly 
at the following stations: 

• 1,1-Dichloroethane:  

− 0.3 micrograms per liter (µg/L) at LDW-PW-B-PE-14 

• Cis-1,1-Dichloroethene 

− 0.4 µg/L at LDW-PW-B-PE-09 
− 1.7 µg/L at LDW-PW-B-PE-11 
− 0.9 µg/L at LDW-PW-B-PE-12 
− 0.5 µg/L at LDW-PW-B-PE-13 
− 0.2 µg/L at LDW-PW-B-PE-14 
− 0.4 µg/L at LDW-PW-B-PE-201 
− 1.0 µg/L at LDW-PW-B-PE-202 (where -201 and -202 were field replications from 

LDW-PW-B-PE-10) 
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• TCE: 

− 0.2 µg/L at LDW-PW-B-PE-11  
− 0.2 µg/L at LDW-PW-B-PE-202 

• Vinyl chloride:  

− 13 µg/L at LDW-PW-B-PE-11  
− 1.1 µg/L at LDW-PW-B-PE-13 

 

2.4.6 Facility Upland Media Quality  

This subsection presents a brief summary of the environmental quality of media at the 
Facility that have a potential to contribute ongoing sources of elevated chemical 
concentrations to the RAB.  This subsection focuses on a summary of the PCB data, because 
these chemicals showed the greatest exceedances of the SQS criteria in sediments across the 
RAB, both vertically and horizontally, and all other SQS exceedances for non-PCB chemicals 
are co-located with PCB exceedances.   
 
A detailed summary of the comprehensive laboratory analytical results for each chemical 
compound collected at the Facility can be reviewed in the SCER (Anchor and 
Farallon 2008a), prepared as part of the upland source control investigation (Section 2.5).  
Figure 2-6 depicts all of the sampling locations at the Facility for the various media. 
 

2.4.6.1 Soil  

This subsection presents a summary of the soil PCB data that have been collected at the 
Facility.  The soil data include surface soil samples collected in the chip storage and slag 
storage areas on the southwest portion of the Facility and subsurface soil samples collected 
from the surface to a maximum depth of 16 feet bgs across the Facility.  Soil samples have 
been analyzed for PCBs, total petroleum hydrocarbons (TPH), metals, SVOCs, and VOCs.   
 
A summary of the existing PCB soil data is provided in Table 2-7.  The data indicate that 
environmental investigations conducted at the Facility since 1994 have only detected 
concentrations of PCBs in soil on the western portion of the Facility.  This portion of the 
Facility contains the fill material that was placed between May 1944 and July 1945 to fill in 
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the former embayment and reconfigure the shoreline (Figure 2-1) and is adjacent to known 
releases of PCBs to soils from Plant 2. 
 
Data collected from the interior portion of the Facility have not detected concentrations of 
PCBs in soil, with the exception of a single shallow subsurface soil sample collected at a 
depth of 2 feet bgs from boring SB-09106 (Figure 2-6). 
 

2.4.6.2 Catch Basin Solids 

Solids were collected from stormwater catch basins CB-1 through CB-4, located on the 
western, central, and eastern portions of the Facility (Figure 2-6) in August 2004 and 
submitted for laboratory analysis of PCBs and metals.  Specifically, these catch basins are 
located throughout the Facility in the following areas: 

• CB-1 and CB-2, located in the western portion of the Facility within the former 
embayment area 

• CB-3, located in the central portion of the Facility, outside of the former embayment 
area 

• CB-4, located in Area 2 in the eastern portion of the Facility.   
 
The solids PCB concentrations ranged from 0.129 mg/kg (catch basin CB-4) to 0.302 mg/kg 
(catch basin CB-2).  The concentrations of PCBs detected in the solids samples collected from 
catch basins CB-1, CB-2, and CB-3 exceeded the LAET of 0.13 mg/kg but were below the 
2LAET value.  Attempts were made in 2009 to resample solids within these catch basin and 
other catch basins that serve the permitted Outfall 002 and 003 drainages, but insufficient 
volume of solids prohibited sampling (Anchor QEA and Farallon 2009).  The lack of solids 
confirms that the frequent cleanout of the stormwater catch basins conducted as part of 
Jorgensen Forge’s stormwater BMPs is effective at preventing the build up and potential 
discharge of solids through Outfalls 002 and 003.   
 

2.4.6.3 Groundwater Quality  

Forty-two groundwater samples have been collected from 14 monitoring wells and 17 
borings on the Facility and analyzed for PCBs.  A summary of the groundwater PCB 
concentrations are presented on Table 2-8.   
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PCBs have not been detected in groundwater, with the exception of a June 2003 
groundwater sample collected from monitoring well MW-6.  Total PCBs, consisting of a 
combination of Aroclor 1254 and Aroclor 1260, were detected at a concentration of 0.41 
µg/L, which exceeds the screening level of 0.27 µg/L (Table 2-8).  The June 2003 groundwater 
sample collected from monitoring well MW-6 was collected by Weston Solutions( on behalf 
of Boeing) to evaluate the presence, nature, and extent of PCBs in soil and groundwater 
attributable to releases from Plant 2.  This investigation included the collection and 
laboratory analysis of soil and/or reconnaissance groundwater samples from 10 borings on 
the Facility for PCBs.   
 
Groundwater samples collected as part of ongoing groundwater monitoring and sampling on 
the Facility by Farallon in April 2003 (prior to the June 2003 Weston Solutions investigation) 
did not detect concentrations of PCBs above the laboratory practical quantitation limit (PQL) 
in the groundwater sample collected from monitoring well MW-6 (Table 2-8).  In addition, 
the laboratory analytical results of a groundwater sample collected by Farallon from 
monitoring well MW-6 during the January/February 2008 groundwater monitoring and 
sampling event did not detect PCBs in groundwater above the laboratory PQL (Table 2-8).   
 
The PCB concentrations identified in monitoring well MW-6 by Weston in June 2003 are 
anomalous PCBs above the laboratory PQL were not identified during a subsequent sampling 
event in this location. 
 

2.4.6.4 Facility Stormwater Outfall Discharges 

Stormwater samples have been collected periodically from the permitted outfalls as part of 
the quarterly NPDES stormwater permit compliance monitoring or site environmental 
investigations.  Specifically, samples were submitted for chemical analysis during a single 
storm event in 1990 (Dames and Moore 1990), on May 9, 2005 (Anchor and Farallon 2005), 
on May 6, 2009, on August 13, 2009 (Anchor QEA and Farallon 2009), and approximately 
quarterly from October 2003 to the present as required by the NPDES permit.  There are 
some gaps in the quarterly data due to periods of low precipitation and periods with no 
stormwater discharge from the Facility, preventing sample collection.  Samples were only 
analyzed for PCBs from Outfalls 002 and 003 during the May 9, 2005, sampling event, and no 
detections were identified (Table 2-9).  A complete summary of the analytical results for all 
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other non-PCB chemicals is provided in the SCER Addendum (Anchor QEA and 
Farallon 2009).   
 

2.5 Upland Source Control  

Jorgensen Forge entered into an Agreed Order (No. DE 4127) with Ecology to conduct a 
source control evaluation to determine if there are ongoing sources of chemicals from the 
Facility to the LDW sediments and/or water column that are above applicable screening 
levels.  Ecology is the lead agency for controlling ongoing sources of hazardous substances to 
the LDW and has developed the Lower Duwamish Water Source Control Strategy (Ecology 
2004).  The source control evaluation is being conducted and sequenced such that the nature 
and extent of potential ongoing sources of chemicals from the Facility to the LDW will be 
documented and controlled prior to initiation of sediment cleanup activities to minimize the 
potential for sediment recontamination following cleanup.   
 
The area of investigation for the source control evaluation at the Facility has been termed the 
Sediment Investigation Area (SIA), defined to the north, east, and south by the property 
boundaries and to the west by the top of the shoreline bank.  The SIA does not include the 
RAB addressed in this Final EE/CA.  The source control evaluation does not address other 
potential sources of chemicals to sediments in the RAB that do not originate from or migrate 
through the SIA.  Other potential sources to the LDW sediments adjacent to the SIA are 
identified in the source control evaluation but will be evaluated as part of the Superfund 
cleanup process.   
 
The Facility source control investigations completed to date and findings are 
comprehensively summarized in the SCER (Anchor and Farallon 2008a) and SCER 
Addendum (Anchor QEA and Farallon 2009).  These documents resulted in the development 
of a conceptual site model (CSM) that facilitated evaluation of the possible migration 
pathways for chemicals of interest (COIs) from the SIA that may represent an ongoing source 
of chemical concentrations to the LDW above sediment and surface water screening levels.  
COIs are specifically those chemicals that were used in historical operations or otherwise 
known to be present on the SIA at detectable concentrations.   
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The CSM includes the following elements: 

• A summary of the history of the SIA, including development and operations 
• Identification of potential sources of COIs 
• Identification of COIs for the Source Control Evaluation based on historical and 

current operations information and known conditions on the SIA 
• A summary of the screening levels used for the Source Control Evaluation 
• A discussion of the nature and extent of COIs in media at the SIA 
• Identification of chemicals that represent a potential ongoing source to the LDW  
• An evaluation of complete migration pathways for the identified chemicals to reach 

the LDW sediment and surface water    
 
Based on an evaluation of the historical and current uses on the SIA and potential primary 
and secondary sources, the following chemicals were identified as COIs:  

• PCBs 
• TPH 
• Metals 
• VOCs 
• SVOCs 

 
These COIs were screened against the Ecology-approved screening levels for the various SIA 
media (groundwater, soils, and stormwater).  The following chemicals of concern (COC), 
defined as those chemicals with concentrations above the screening levels, were identified 
that represent a potential ongoing source to the LDW:  

• PCBs  
• TPH 
• Metals 

 
The potential for each of these COCs to adversely impact sediment and/or surface water 
quality in the LDW was then evaluated for each of the following potential migration 
pathways from the SIA to the LDW: direct discharge, stormwater discharge, discharge of 
groundwater, and erosion of solids.  This evaluation identified some data gaps that were 
successfully filled through additional data collection in 2009 and reported in the SCER 
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Addendum (Anchor QEA and Farallon 2009).  A facility map showing the source control 
data gap investigation soil and groundwater sampling locations is included on Figure 2-18.  
This Ecology-approved source control investigation process resulted in sufficient data to 
determine if each of the potential migration pathways has the potential to result in 
concentrations of COCs in sediment and/or surface water in the LDW above regulatory 
screening levels.   
 
The results of the source control investigation, including the information obtained through 
source control data gap sampling activities conducted in 2009, indicate the following ongoing 
or potential future sources of COCs to the LDW from the SIA and the recommended path 
forward for source control implementation: 

• Direct discharge of COCs in products associated with ongoing operations on the SIA 
to the stormwater system with subsequent discharge to the LDW through SIA 
Outfalls 001, 002, or 003. 

− No additional source control implementation is necessary for this pathway beyond 
continued implementation of existing BMPs. 

• Erosion of exposed soil containing PCBs and metals to the stormwater system with 
subsequent discharge to the LDW through SIA Outfalls 001, 002, or 003. 

− No additional source control implementation is necessary for this pathway beyond 
the continued implementation of existing BMPs. 

• Discharge of SIA stormwater to the LDW through Outfalls 001, 002, or 003 
containing concentrations of metals.   

− Additional source control implementation is necessary by Jorgensen Forge beyond 
the continued implementation of existing BMPs.  

 
The migration pathway for discharge of groundwater is complete but concentrations of COCs 
have not been detected in groundwater exceeding the screening levels, with the exception of 
single anomalous detections of COCs in groundwater collected from single monitoring wells 
located in discrete areas of the SIA.  As discussed in the SCER Addendum (Anchor QEA and 
Farallon 2009), the COCs detected in groundwater exceeding the screening levels on the SIA 
do not pose a risk to the sediment or surface water of the LDW.  The potential ongoing 
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sources to groundwater include releases of products to groundwater, leaching from soil to 
groundwater and dissolution of light non-aqueous phase liquid (LNAPL).  The potential for 
releases of products to soil and groundwater is minimized through the implementation of 
BMPs and a Spill Control Plan (Anchor and Farallon 2008b).  Sufficient data has been 
collected to demonstrate that there is no dissolution of LNAPL to groundwater.   
 
The erosion of exposed soil containing concentrations of PCBs and metals along the shoreline 
bank appears to be an incomplete pathway to the LDW because of the current condition of 
the shoreline, which significantly limits any potential erosion of bank fill material.  
However, erosion could occur in some limited areas.   
 
The necessary stormwater control actions to reduce stormwater discharge concentrations 
from the SIA below the applicable benchmarks will be completed under a new Agreed Order 
or Consent Decree with Ecology and sequenced so that the sources are controlled prior to 
initiation of sediment cleanup activities.  This will minimize the potential for sediment 
recontamination following cleanup. 
 

2.6 Potential Ongoing Off-site Sources to Removal Action Boundary 
Sediments  

The SCER (Anchor and Farallon 2008a) identified potential off-site sources of chemicals to 
the LDW sediments in the vicinity of the SIA from adjacent upland properties.  In addition, 
review of sediment quality and sediment transport and deposition (Section 2.3.4) information 
presented in the LDW Final RI (Windward 2010) indicates off-site sediments with elevated 
chemical concentrations have the potential to migrate into the RAB.  A brief summary of 
these potential sources is provided in the following subsections.  Control of some of these 
off-site sources are beyond the control of EMJ and Jorgensen but will be critical to the long-
term success of the removal action. 
 

2.6.1.1 Property Line Storm Pipe Outfall Solids 

Elevated concentrations of total PCBs have been identified in the inactive Boeing 15-inch 
storm pipe and directly-adjacent active 24-inch property line storm pipe that transit the 
northern Facility property boundary (Figure 2-19).  Historical inputs to the Boeing 15-inch 
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property line storm pipe were solely from Plant 2.  Stormwater inputs to the 24-inch 
property line storm pipe occurred historically from Plant 2, the Facility, and Boeing 
Field/King County International Airport and occur currently from a portion of the City of 
Tukwila stormwater drainage.  A summary of the investigations and data findings and 
evaluations is summarized in the “Storm Drain Line Data Summary” technical memorandum 
(Farallon 2005) and Historical 6-inch and 12-inch Lateral Pipes Investigation Report – 
Stormwater Source Control Implementation, Jorgensen Forge Facility, Seattle, Washington 
(Anchor QEA 2010b).  
 
EPA recently prepared the “Action Memorandum for the Jorgensen Forge Outfall Site, 
Seattle, King County, Washington” (2010d).  This memorandum documented approval of the 
selected time-critical removal action under CERCLA for cleanup activities associated with 
the 24-inch and Boeing 15-inch property line storm pipe that collectively discharge to the 
RAB.  Boeing and Jorgensen Forge are named as potentially responsible parties in the action 
memorandum.  Boeing performed the cleanup actions and Jorgensen Forge provided access 
to the Facility.  As required by the Action Memorandum, Boeing submitted the Source 
Control Action – 15-inch and 24-inch Pipes Cleanout Work Plan detailing the cleanup and 
closure activities on December 17, 2010 (Floyd Snider 2010).  The removal action consists of 
the cleaning and closure of the concrete portions of the full extents of both property line 
storm pipes on the Facility to remove and prevent continued discharge of stormwater 
through known PCB contamination to the LDW.  Boeing initiated the cleanup and closure 
activities November 2010 and received EPA approval that the cleanup and closure activities 
were completed on February 28, 2010.     
 
It is anticipated that following completion of the time-critical removal action, EPA will 
require an additional removal action to remove the corrugated pipe sections of both property 
line storm pipes located on the RAB shoreline (Figure 2-19).  The corrugated pipe sections 
serve as the discharge for the combined 24-inch and Boeing 15-inch property line storm 
pipes.  It is also anticipated that EPA may require the removal of bank soils/sediments 
affected by discharges through the corrugated pipe.  These additional cleanup activities are 
anticipated to occur concurrently but prior to the completion of the Boeing DSOA and 
EE/CA cleanup activities.   
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2.6.1.2 Boeing Plant 2 2-66 Study Area 

The 2-66 Study Area is located along the southwest corner of Plant 2 and borders Boeing 
DSOA and northwest corner of the Facility (Figure 2-3).  This area includes the Southwest 
Bank CMS Study Area and the Transformer PCB Investigation Area (referred to as OA-11 
[Floyd Snider 2007]).  Migration of chemicals from the 2-66 Study Area to the Facility and 
LDW sediments has occurred from two sources.  They include an underground storage tank 
located outside the southwestern corner of former Building 2-66 that historically stored TCE 
and a piping system that was and continues to be a source of TCE degradation byproducts to 
groundwater on the northwest corner of the Facility.   
 
Quarterly and semi-annual groundwater monitoring conducted by Boeing, including 
monitoring wells located along the northwestern corner of the Facility (PL2-JF01AR,  
PL2-JF01B, PL2-JF01C, PL2-JF02A, and historically PL2-03A; Figure 2-6), has consistently 
shown detections of elevated halogenated volatile organic compounds (HVOCs; 
dichloroethene [DCE] and vinyl chloride) due to the deflection of groundwater around the 
2-66 sheetpile enclosure and onto the northwest corner of the Facility.  Sediment porewater 
monitoring (Windward 2006b) adjacent to the Southwest Bank Area also identified 
detections of HVOCs (Section 2.4.5) documenting that the TCE plume has a complete 
pathway to the LDW sediments adjacent to the northwest portion of the Facility within the 
Boeing DSOA.  It is currently unclear what additional source control measures Boeing will 
take to control this known source to the Boeing DSOA. 
 
The Southwest Bank Area (Figure 2-1; Boeing DSOA bank extending downstream/north 
from the southern Plant 2 property boundary) is composed of riprap and a significant amount 
of debris fill containing concrete rubble, metal scraps, and brick.  Soil samples were collected 
from the Southwest Bank Area and showed metals and PCB concentrations above the SQS 
criteria (Ecology 2007a).  Boeing’s proposed remedy for the DSOA (AMEC and Floyd Snider 
2010) includes reconfiguring the Southwest Bank Area to eliminate this potential bank 
erosion pathway.  Per the MOU between Boeing and EMJ/Jorgensen Forge (EMJ et al. 2007), 
the Boeing DSOA cleanup is anticipated to occur concurrently with the removal action 
within the RAB minimizing the potential for recontamination of the RAB during the bank 
cleanup. 
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2.6.1.3 Sediment to Sediment Pathway 

The LDW Final RI (Windward 2010) defines the nature and extent of sediment 
concentrations throughout the LDW.  Elevated concentrations for a variety of chemicals 
have been documented throughout the LDW, particularly in the direct vicinity of the RAB.  
Specifically, the sediments adjacent to the following properties have been identified as EAAs 
due to elevated PCB concentrations in surface and subsurface sediments: Boeing DSOA 
(southern portion of EAA-4), Terminal-117 on the west bank of the LDW directly across the 
RAB (EAA-5), and the Boeing-Isaacson Property CSO discharge location (EAA-6; Figure 2-
1).  Based on existing cleanup schedules, the Boeing DSOA is anticipated to occur with the 
RAB cleanup in 2012; the EAA-5 cleanup is anticipated to occur in 2011.     
 
Per the MOU between Boeing and EMJ/Jorgensen Forge, the Boeing RCRA and 
EMJ/Jorgensen Forge removal action cleanups will be integrated and sequenced to minimize 
the potential for recontamination of sediments adjacent to either facility during and prior to 
cleanup.  EPA has also committed to completing the EAA-5 cleanup prior to or concurrent 
with the Boeing and EMJ/Jorgensen Forge cleanups.  EPA will require the use of sufficient 
environmental controls during these cleanup actions to significantly minimize the potential 
for sediment transport and deposition to the RAB during the cleanup activities.   
 
Alternatively, RAA-6, which is located immediately upstream of the RAB, and other 
sediment areas further upstream are not currently scheduled for cleanup prior to cleanup in 
the RAB.  Sediment transport and deposition to the RAB from these areas could contribute 
elevated chemical concentrations to the RAB following completion of the EE/CA remedy.  
Long-term monitoring within the RAB will document the sediment quality impacts due to 
this ongoing off-site source loading. 
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3 STREAMLINED RISK EVALUATION 

The LDW Final RI (Windward 2010) included a baseline ecological risk assessment (BERA; 
Appendix A of the LDW Final RI) and baseline human health risk assessment (BHHRA; 
Appendix B of the LDW Final RI) to evaluate potential risks to human health and the 
environment posed by sediments in the LDW site.  The LDW risk assessments and FS process 
are resulting in the development of target media cleanup levels protective of a broad range of 
exposure scenarios, including human consumption of seafood harvested from the LDW as 
identified in the EPA comments on the Draft EE/CA (EPA 2010a; Section 1).  EPA is not 
expected to select these final cleanup levels, however, until finalization of the LDW Record 
of Decision (ROD).   
 
To complete this Final EE/CA, and in recognizing the limitations described previously, a 
streamlined risk evaluation (SRE) has been completed to evaluate the potential risks 
associated with not completing a removal action in the RAB.  This is in accordance with the 
EPA guidance (1993 and 2005b).  As applicable, results of the BERA, BHHRA, and Draft 
Final Feasibility Study: Lower Duwamish Waterway (AECOM 2010) are referenced in the 
following sections to inform the SRE.   
 
The scope of an SRE is considered by EPA (1993; 2005b) as intermediate: it is between a 
limited risk evaluation for emergency removal actions and a baseline risk assessment 
conducted for remedial actions.  The results of an SRE are utilized to justify a cleanup action 
and what exposures need to be addressed during such an action.  The SRE addresses only 
specific sources of contamination targeting the imminent health threats associated with the 
removal action (EPA 2005b).  Areas outside of the RAB—within both the LDW and the 
Facility—will continue to be evaluated by LDWG, EPA, and/or Ecology under the LDW 
Superfund Site RI/FS process or upland Ecology source control process.   
 
This SRE addresses potential risk from exposure to contaminated sediments within the RAB 
in the absence of a removal action.  Where standards for one or more contaminants in a 
medium are frequently exceeded, a removal action is warranted and further quantitative risk 
assessment of multiple chemical exposures is not necessary under EPA’s SRE guidance 
(1993).  As there are frequent sediment quality exceedances of SQS criteria within the RAB, a 
quantitative risk assessment is not necessary.   
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3.1.1 Exposure Pathways  

Potential exposure pathways for ecological and human receptors are described in this section 
based on the use information provided in Section 2.2 and by the descriptions provided by 
Windward (2010) for the representative river miles near RM 3.6.   
 
Ecological receptors potentially exposed to contaminated media within the RAB include 
benthic organisms, fish, birds, and mammals, which are described in Section 2.3.12; 
however, as discussed in Section 2.3.12.6, terrestrial mammal receptors are likely limited to 
small mammals due to the highly developed land use surrounding the RAB.  Aquatic 
mammals potentially utilize LDW habitat, but use is expected to be limited and unlikely.  
Potentially complete exposure pathways for benthic organisms include direct and indirect 
contact with contaminated sediment (via dermal, ingestion, and diet) and direct contact with 
porewater associated with contaminated sediment.  Direct contact with sediments and 
porewater by benthic organisms is expected to be a more sensitive exposure pathway than 
direct contact with sediments by mammals, birds, or fish; therefore, the primary potential 
exposure pathway for mammals, birds, and fish is ingestion of LDW biota through diet.  
Bottom fish may have additional exposure due to direct contact with or ingestion of 
contaminated sediment more so than other fish, mammals, or birds but should be addressed 
through the benthic organism evaluation.   
 
As discussed in Section 2.2.5, human use activities within the RAB are limited by the 
surrounding industrial development and the relatively low aquatic access in this portion of 
the LDW, but may include recreational activities (such as motor boating, kayaking, canoeing, 
and sport fishing), Tribal netfishing, and shellfishing.  Fishers and shellfishers are considered 
the most sensitive human receptor group based on their direct exposures to sediment and 
ingestion of fish and shellfish.  Potentially complete human health exposure pathways to 
media in the RAB include direct exposure to contaminated sediment by Tribal netfishers or 
shellfishers in contact with sediment incidentally during gear retrieval or shellfishing, or 
from suspended sediment in the water.  Primary human health receptors of concern for this 
SRE include Tribal netfishers and shellfishers as overall potential risks in the absence of any 
removal action might be higher for Tribal fishers compared to commercial or recreational 
anglers due to potentially more frequent exposure and/or greater ingestion rates of fish and 
shellfish.   
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3.1.2 Risk Characterization  

This SRE follows EPA guidance (EPA 1993 and 2005b) and characterizes risks to human 
health and the environment in the absence of a removal action in the RAB.  In addition, the 
SRE presents information on potential impacts from implementation of removal action 
alternatives, which is further discussed in Section 3.1.3.  
 

3.1.2.1 Ecological Risk  

Potential risks for benthic organisms and wildlife are discussed separately in the following 
subsections. 
 

3.1.2.1.1 Benthic Organisms 

Potential risk to benthic organisms located within the RAB is evaluated through comparison 
of surface (0 to 10 centimeters) sediment data with the SMS SQS, as described in Section 
2.4.1.  The SMS is considered protective of benthic organisms and are based on the results of 
sediment toxicity tests and benthic infaunal analyses.  Under the provisions of the SMS, 
when no detailed bioassay data are available, surface sediments are categorized in one of 
three ways: 

1. Sediments with chemical concentrations equal to or less than SQS are designated as 
having no adverse effects

2. Sediments with chemical concentrations above the SQS but are equal to or less than 
the CSL have 

 on biological resources (WAC 173-204-301[1][a]). 

potential for adverse effects
3. Sediments with chemical concentrations above the CSL have a greater potential for 

adverse effects on biological resources 

 on biological resources. 

 
requiring evaluation of cleanup alternatives. 

The SMS SQS and CSL criteria are summarized in Table 2-2.  Figures 2-11 and 2-13 through 
2-16 show the distribution of total PCBs and other SMS chemicals exceeding SMS/LAETs in 
surface sediment.  Within the RAB, PCB concentrations in surface sediment exceed the SQS 
and CSL criteria in 51 and 14, respectively, out of 76 samples.  A summary of the surface 
sediment quality for all sampled SMS chemicals is provided in Section 2.4.1.  Surface 
sediment SMS exceedances were most often limited to PCBs, with several samples having 
concentrations greater than two times their respective CSL, suggesting a greater potential for 
adverse effects on biological resources.  All other non-PCB chemical exceedances of the SMS 
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criteria were co-located with PCB exceedances.  PCB concentrations within the proposed 
RAB indicate that these sediments may pose a risk to benthic organisms if no action is taken. 
 

3.1.2.1.2 Wildlife 

Potential risks to other ecological receptors (that is, birds, fish, and mammals) are evaluated 
in the context of the LDW, as these receptors could be exposed to chemicals in sediment 
throughout the LDW, including the RAB.  Conservative evaluations of risk from sediment to 
fish and wildlife species that may reside or forage in the LDW for at least part of their lives 
were conducted as part of the BERA for the LDW Final RI (Windward 2010).  The data set 
used in the BERA included historical data and sediment and tissue chemistry data collected 
from the LDW during Phase 2 to supplement the historical data that were used in the 
Phase 1 Ecological Risk Assessment (Windward 2003b). 
 
The BERA evaluated risks to representative fish and wildlife species from exposure to 
chemicals in LDW sediments including benthic invertebrates, crabs, English sole, Pacific 
staghorn sculpin, great blue heron, spotted sandpiper, osprey, river otter (Lontra canadensis), 
harbor seal, and aquatic-rooted plants.  Wild juvenile Chinook salmon were also evaluated 
because they are federally listed species with complete exposure pathways in the LDW 
during outmigration (Windward 2010).   
 
In the BERA, exposure of benthic invertebrates to chemicals resulting from a risk-based 
screening was assessed primarily by evaluating the distribution, concentration, and co-
occurrence in surface sediment, with the exception of risks to crabs, which was assessed 
using a critical tissue-residue approach.  In addition, risks to benthic invertebrates from 
exposure to VOCs were assessed using sediment porewater data.  Exposure to COIs by fish 
was characterized based either on COIs concentrations in fish tissue or on COIs 
concentrations in likely fish prey.  For wildlife receptors, risks were characterized using a 
dietary exposure assessment. 
 
Ecological risks to fish and wildlife were relatively low for the LDW, with the exception of 
risks to river otter from PCBs.  PCBs have been identified as a risk driver for river otter and 
41 chemicals (including metals, PAHs, PCBs, phthalates, and other SVOCs) have been 
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identified as risk drivers for the benthic invertebrate community because concentrations of 
these chemicals exceeded the SMS criterion in one or more locations (Windward 2010). 
 

3.1.2.2 Human Health Risk 

Risks to human health from the RAB were evaluated in the context of the overall LDW via 
the BHHRA (Windward 2010).   
 

3.1.2.2.1 LDW BHHRA – Sediment Evaluation 

The BHHRA evaluated risk utilizing historical data from the Phase 1 Human Health Risk 
Assessment (Windward 2003b) and sediment and tissue chemistry data collected from the 
LDW as part of the LDW Final RI.  Human health exposure pathways consisted of direct 
contact with sediments during commercial netfishing, beach play, and clam harvesting in the 
LDW and indirect exposure through the consumption of seafood from the LDW.  Windward 
surveyed clams and clam harvest in the LDW and survey results indicate that harvestable 
numbers of clams are present in the LDW (Windward 2010).  The results of these clam 
surveys indicates Macoma balthica is most dominant along the opposite shore to the RAB, as 
well as along the entire LDW, as discussed in Section 2.3.12.3. 
 
Exposure was determined for each scenario by calculating chemical intake based on chemical 
concentrations and the frequency and duration of exposure using reasonable maximum 
exposure (RME) assumptions.  Using RME assumptions potentially overestimates risk 
estimates for many individuals within the LDW.   
 
Exposure frequency and duration assumptions for the evaluation of direct contact sediment 
exposure under the commercial netfishing scenario were based on information collected 
from the Muckleshoot Indian Tribe, which conducts commercial netfishing for adult salmon 
within the LDW (Windward 2010).  Exposure parameter values for the beach play and clam 
harvesting scenarios were based primarily on EPA guidance and best professional judgment 
because site-specific data on exposure frequency and duration for these scenarios were not 
available.  The rates of seafood ingestion assumed for the seafood consumption scenarios 
were developed by EPA based on data collected from several surveys.  Data for several 
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different species (such as English sole, perch, crab, clams, and mussels) were used to 
represent a typical seafood consumer’s diet. 
 
Estimated cancer risks in the LDW were determined to be highest for the seafood 
consumption scenarios.  The cumulative risk for all carcinogenic chemicals evaluated in the 
BHHRA ranged from 7×10-4 to 3×10-3 for the RME seafood consumption scenarios, with the 
primary contributors being PCBs, arsenic, and carcinogenic PAHs (Windward 2010).  EPA’s 
target carcinogenic risk range is 1×10-6 to 1×10-4.  The evaluation of non-cancer risk indicates 
the potential for adverse effects other than cancer associated with seafood consumption, 
particularly for arsenic and PCBs. 
 
Cancer risks for direct sediment contact RME scenarios for netfishing, clamming, and beach 
play were much lower than for seafood consumption.  These risk estimates ranged from 
5×10-6 to 1×10-4.   
 
PCBs, arsenic, carcinogenic PAHs, and dioxins and furans were identified as risk drivers for 
both seafood consumption and direct sediment exposure scenarios in the LDW BHHRA 
(Windward 2010). 
 

3.1.2.2.2 Site-specific Human Health Risk Information  

As discussed in Section 2.2.5, there is no direct access to the LDW from the Facility due to 
fences along the top of the bank at the Facility and at the upstream and downstream Boeing 
properties.  For this reason, some exposure routes identified for the LDW are not likely to 
occur in the RAB due to limited access (such as beach play).  In addition to exposure 
scenarios, the chemical concentrations and exposure duration and frequency in the RAB 
likely differ from those evaluated in the LDW BHHRA.   
 
To quantify human health risk in the RAB for this SRE and to reduce the uncertainties 
previously described in applying the LDW BHHRA risk results to the RAB, sediment 
concentrations were compared to screening concentrations protective of human health that 
were evaluated in the baseline BHHRA (Windward 2010). 
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The Phase 1 Human Health Risk Assessment (Windward 2003b) identified risk-based 
screening concentrations (RBCs) for each chemical determined to be protective of direct 
sediment contact by humans.  The sources of these RBCs, however, address soil contact 
(ingestion and dermal) rather than sediment directly.  In the Phase 1 Human Health Risk 
Assessment, EPA’s Region 9 residential and industrial RBCs were utilized in the sediment 
screening for beach play (residential) and netfishing (industrial RBCs) scenarios.   
 
Since this Phase 1 Human Health Risk Assessment was conducted, further site-specific and 
chemical specific information has been obtained.  Risk drivers were identified for the LDW, 
and risk-based threshold concentrations (RBTCs) were derived for these risk drivers to be 
protective of direct sediment contact for individuals engaged in netfishing and in seafood 
consumption.  RBTCs were estimated for each of the risk driver chemicals identified in the 
BHHRA (Windward 2010).  Sediment RBTCs were calculated for risks associated with direct 
sediment contact by people and seafood consumption for different threshold risk levels, 
resulting in a range of RBTCs for each risk driver.  RBTCs are a means to measure risks to 
target receptors over a range of risk thresholds; they are not cleanup levels.  
 
As a human health risk screening tool, the SRE compares the range of human health 
sediment-based RBTCs identified in the BHHRA to the surface sediment concentrations of 
risk driver chemicals (specifically arsenic, total carcinogenic PAHs, dioxin/furan toxic 
equivalents, and total PCBs) in the RAB to evaluate netfishing and shellfishing exposures 
that could potentially occur in the RAB (Table 2-10).  SQS and CSL values from the SMS are 
provided in Table 2-10 for reference and are not human health-based screening values (that 
is, they are based on ecological risks).  Where sediment RBTCs for seafood ingestion were 
calculated (total PCBs for the 1 in 10,000 risk level), the frequency of RAB sample 
exceedance was relatively high.  Seafood-based RBTCs were not calculated in the BHHRA 
for arsenic and PAHs due to LDWG, EPA, and Ecology agreeing that the clam tissue-to-
sediment relationships are too uncertain to develop sediment RBTCs.  For direct contact, 
total PCBs and arsenic appear to be the primary risk drivers in the RAB, with low frequency 
of RBTC exceedances for total carcinogenic PAHs.  As discussed in the BHHRA, the direct 
contact RBTC for arsenic a 1x10-6 target threshold is well below the range of background 
concentrations evaluated in the Phase 1 Human Health Risk Assessment; therefore, total 
PCBs are the main non-background related risk driver in the RAB (Windward 2010). 
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3.1.3 Risk Evaluation Conclusions 

The results of the SRE support the need for a removal action to address risks to human health 
and the environment from surface sediment exposure in the RAB.  A removal action that 
removes or permanently isolates existing concentrations above the SQS to a minimum depth 
of 45 centimeters (1.5 foot) will eliminate direct human contact and reduce exposure to PCB, 
metals, and SVOC available for bioaccumulation, consistent with the EPA comments on the 
Draft EE/CA (EPA 2010a) and subsequent clarifications (Section 1).  These results would 
protect aquatic organisms and the people who consume fish and shellfish harvested from the 
LDW.  
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4 IDENTIFICATION OF REMOVAL ACTION GOALS, SCOPE, AND BOUNDARY 

This section identifies the goals that the removal action is intended to achieve, the scope and 
role of the removal action, and information used to develop the EPA-approved RAB.  These 
elements are consistent with the regulatory framework of the National Contingency Plan 
(NCP; 40 CFR 300.415), EPA’s guidance on conducting NTCRAs (1993), and in consideration 
of applicable or relevant and appropriate requirements (ARARs).  As defined in CERCLA and 
the NCP, the term “removal action” includes any actions necessary to prevent, minimize, or 
mitigate releases or the threat of releases that may result in damage to public health or 
welfare or to the environment (EPA 1993). 
 

4.1 Removal Action Goals 

As discussed in Section 1, the EE/CA is being prepared prior to ROD for the LDW Superfund 
Site; therefore, removal action objectives (RAOs) and final cleanup standards, including the 
vertical point of compliance, target media cleanup levels, and sediment cleanup boundaries, 
are not available for use in this Final EE/CA.  In order to facilitate development of this Final 
EE/CA prior to completion of the ROD, EPA directed (EPA 2010a) that the following RAOs 
be included in this Final  EE/CA to maintain consistency with the current cleanup objectives 
required throughout the LDW Superfund Site:  

1. RAO 1 – Human Health – seafood consumption.  Reduce human health risks 
associated with the consumption of resident LDW seafood by reducing sediment and 
surface water concentrations of COCs to protective levels. 

2. RAO 2 – Human Health – direct contact.  Reduce human health risks associated with 
exposure to COCs through direct contact with sediments and incidental sediment 
ingestion by reducing sediment concentrations of COCs to protective levels. 

3. RAO 3 – Ecological Health – benthic.  Reduce toxicity to benthic invertebrates by 
reducing sediment concentrations of COCs to comply with Washington State SMS. 

4. RAO 4 – Ecological Health – seafood consumption.  Reduce risks to crabs, fish, birds, 
and mammals from exposure to COCs by reducing concentrations of COCs in 
sediment and surface water to protective levels. 

 
Similarly, EPA directed the use of SQS for total PCBs (12 mg/kg OC) as the appropriate 
delineating criterion and the appropriate RvAL for sediment removal and/or capping in the 
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RAB (EPA 2010a) to facilitate development of this Final EE/CA prior to completion of the 
ROD.  The use of the total PCB SQS criterion as the RvAL for sediment removal and capping 
is consistent with the Lower Duwamish Waterway Slip 4 Early Action Area Engineering 
Evaluation/Cost Analysis (Integral 2006) and Terminal 117 Engineering Evaluation/Cost 
Analysis (Windward et al. 2010).   
 
Additionally, EPA directed that all PCBs which exceed the RvAL will need to be removed or 
permanently capped (EPA 2010a).   
 
To achieve the sediment RBCs within the 45-centimeter (0- to 1.5-foot) vertical point of 
compliance identified in the EPA comments on the Second Draft EE/CA (EPA 2008b), each 
of the removal action alternatives in this Final EE/CA includes a minimum 1.5-foot-thick 
clean layer of material placed throughout the entire RAB.  This placement will result in the 
full depth of sediments within the complete depth of compliance (and in many areas much 
deeper than 1.5 feet) containing concentrations below the future developed RBCs.   
 
The NCP [40 CFR 300.415(c)] states that removal actions shall, to the extent practicable, 
contribute to the efficient performance of any anticipated long‐term remedial action with 
respect to the release concerned; therefore, the removal action will:  

• Contribute to the efficient performance of any long‐term remedial action on the 
LDW 

• Be protective of human health and the environment in the long term 
 

4.2 Removal Action Scope 

The following sections describe the role of the removal action in the LDW Superfund Site, 
summarizes the methods used to develop the RAB and sediment management units, and 
describe the primary project elements and characteristics that were considered in the 
development of the removal action scope.   
 

4.2.1 Role in LDW Early Action Cleanup Process 

This removal action addresses cleanup of contaminated sediments within the RAB in a 
portion of EAA-4; the Boeing DSOA cleanup addresses the remainder of EAA-4.  Following 
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implementation of the EE/CA removal action, no further removal actions will be necessary 
to address sediments or associated shoreline and bank materials within the RAB.  Post-
construction long‐term monitoring will be conducted as necessary within the RAB to 
monitor achievement of the RAOs through time.  
 

4.2.2 Removal Action Boundary 

In accordance with EPA’s direction, the RAB was developed by screening all of the available 
sediment, shoreline bank, porewater, and sediment seep total PCB data against the total PCB 
RvAL.  The data screening did not extend beyond the top of the shoreline bank given this 
upland area is being regulated under the ongoing Ecology Agreed Order source control 
investigation process (Section 2.5).  Screening for this single chemical group is appropriate 
and protective because the PCB concentrations offshore of the Facility have the greatest 
lateral and vertical distribution of SMS SQS/RvAL exceedances (Section 2.4).  Limited surface 
sediment SQS exceedances for metals (Figures 2-13 to 2-15) and SVOCs and phenols  
(Figure 2-16) were identified and in all cases these exceedances were co-located with PCB 
SQS/RvAL exceedances. 
 
Similarly, very limited (Table 2-3) subsurface sediment SQS exceedances were identified for 
metals (two samples) and the remainder of the SMS analyte list (one sample), and in all cases 
these exceedances were co-located with PCB SQS/RvAL exceedances.   
 
The total PCB RvAL data-screening-identified exceedances from the top of bank to the 
federal navigation channel extending from the northern to southern Jorgensen Forge 
property lines with heterogeneous spatial and vertical extents (Figure 2-11 and 2-12).  As 
shown in Figure 2-12, no cores were collected on the shoreline bank above the toe of riprap 
boundary due to the highly armored nature of the bank and the lack of core penetration 
and/or recovery in this area.  No surface or subsurface total PCB RvAL exceedances were 
identified within the federal navigation channel or immediately south of the southern 
property line extension into the LDW.  There was a single station (SD-DUW322) that was 
located approximately on the eastern edge of the federal navigation channel that showed 
surface and subsurface sediment total PCB RvAL exceedances. 
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Determination of the RAB also accounted for the following site-specific conditions:   

• The abutting sheetpile and concrete panel walls along the southern shoreline are 
fixed structures; directly-adjacent construction activities could compromise their 
physical integrity.   

• The area just east of the top of bank is currently not used by Jorgensen Forge; 
therefore, some minor setback of the bank farther to the east is implementable as 
necessary to support cleanup below the top of bank. 

• The northern/downstream in-water and toe of riprap boundaries with the Boeing 
DSOA identified in the MOU (EMJ et al. 2007). 

• EPA comments on the Draft EE/CA (2010a) required that the RAB must include the 
shoreline area extending from the toe of the riprap elevation to the top of the bank in 
the area between the projection of the northern Facility property line and the Boeing 
and EMJ/Jorgensen Forge in-water cleanup boundary.   

• EPA directed (2008b) that the RAB boundary be moved 20 feet west of the sample (SD-
322-S) to ensure that all PCBs above the SQS/RvAL be remediated in this isolated area. 

 

Based on the findings of the data screening and the previously identified site-specific 
conditions, the RAB was identified as the approximately 1.6-acre area shown in Figure 2-1, 
and is bounded by the following: 

• To the east by the top of shoreline bank (including the top of sheetpile and concrete 
panel walls) extending from the northern to southern Facility property boundaries 

• To the south by the extension of the southern Facility property boundary from the 
top of the concrete panel wall to the eastern boundary of the federal navigation 
channel 

• To the west by the eastern boundary of the federal navigation channel extending 
from the southern boundary to the Boeing DSOA in-water cleanup boundary 
identified in the MOU (EMJ et al. 2007) followed by the surveyed toe of riprap 
elevation north of the in-water cleanup boundary 

− Per the EPA’s letter (2008b), the western boundary includes an isolated 20-foot 
extension into the channel centered on station SD-322-S  

• To the north by the Boeing DSOA in-water cleanup boundary followed by the 
Facility northern property line 
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4.2.3 Sediment Management Unit Development  

The RAB was subdivided into 10 areas defined as Sediment Management Units (SMUs) to 
assist with the development and evaluation and removal action alternatives presented in 
Section 6 (Figure 2-1).  The SMUs were identified based on the site-specific RAB conditions 
summarized in Section 4.2.2, the observed physical and chemical characteristics of the 
sediments and shoreline bank, the anticipated construction approach (that is, land-based 
versus water-side construction), and potential future changes to mudline elevations based on 
navigational dredging by USACE.  The rationale for the development of each SMU is 
summarized in this section. 
 
The area adjacent to the abutting sheet pile and concrete panel walls were identified as  
SMU-1A (0.14 acre) and SMU-1B (0.12 acre) to account for the construction constraints 
conducting work adjacent to these walls and the differing depths of total PCBs RvAL 
exceedances in the northern and southern areas.  Because research of Facility files has not 
resulted in information regarding the design or as-built condition of these walls, adjacent 
construction impacts to their stability cannot be assessed.  
 
The near-channel SMU-2 (0.2 acre) was identified to account for deep total PCB RvAL 
exceedances at stations SD-216-PL2 and SD-217-PL2 (Figure 2-12) in the area where 
historical maintenance dredging by USACE extended well below the authorized navigation 
channel elevation of -15 feet MLLW east of the federal navigation channel (see 
Section 2.3.10 and Appendix D). 
 
The shoreline areas SMU-3 (0.11 acre), SMU-5 (0.06 acre), SMU-8 (0.07 acre), and SMU-11 
(0.14 acre) were identified based on a commonly available reach of a long-reach excavator so 
work along the shoreline bank could potentially be conducted from the upland and in-the-
dry to the extent feasible.   
 
Nearshore SMU-4A (0.19 acre), SMU-6 (0.08 acre), and SMU-9 (0.09 acre) were identified 
based on generally consistent depths below mudline showing total PCB RvAL exceedances 
and adjacency to the identified shoreline SMUs. 
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SMU-4B (0.04 acre) was identified due to:  

• Total PCB exceedances identified at depth at station SD-DUW322 located 
approximately on the eastern navigation channel line (Figure 2-12)  

• EPA’s letter (2008b) directing  extension of  the RAB 20 feet into the navigation 
channel at this location  

• Vertical buffer requirements identified in the EPA comments on the Draft EE/CA 
(2010a) for any structures (that is, engineered caps) placed in the navigation channel 

 
SMU-4C (0.08 acre) was identified based on deeper total PCB RvAL exceedances relative to 
exceedances identified in SMU-4A and SMU-4B. 
 
SMU-7 (0.23 acre) and SMU-10 (0.08 acre) were identified based on relatively shallow total 
PCB RvAL exceedances in the near-channel area.  
 

4.2.4 Summary of Factors Considered in Development of the Removal Action 
Scope 

The following subsections summarize the project elements and characteristics that were 
considered in the development of the removal action scope. 
 

4.2.4.1 Source Control Elements 

Several source control elements were considered in the development of the removal action 
scope. 
 
As discussed in Section 2.5, a source control evaluation has been completed by the Jorgensen 
Forge under an Ecology Agreed Order.  All source control actions deemed necessary to 
control ongoing sources of chemicals from the Facility to the LDW with the potential to 
cause adverse effects to sediment and/or water quality will be implemented prior to initiation 
of the EPA-approved removal action alternative.  Ecology, in coordination with EPA, will 
determine when sufficient source control actions have been completed to protect sediment 
and/or water quality.   
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To date, the source control evaluation for the Facility has shown that the groundwater 
migration pathway (Section 2.5) is incomplete because concentrations of COCs have not 
been detected in groundwater exceeding the screening levels, with the exception of those 
COCs periodically detected in groundwater collected from single monitoring wells located in 
discrete areas of the SIA.  For this reason, groundwater from upland areas is not considered a 
significant pathway for release of PCBs or other contaminants to the RAB.  In any case, the 
removal action alternatives presented in this Final EE/CA include a slope containment layer 
to further minimize or eliminate the potential for groundwater migration of elevated 
chemical concentrations through the shoreline bank. 
 

Catch basin solids collected in August 2004 showed screening level exceedances for sediment 
quality impacts for some metals and PCBs.  Jorgensen Forge subsequently implemented more 
robust stormwater management BMPs (such as  increased Facility sweeping of paved areas, 
increased removal of accumulated solids from the catch basins, and more frequent routine 
inspections of catch basin filter fabric integrity and replacement).  Additional solids sampling 
was attempted in 2005 and March 2009 as part of the Data Gaps Investigation Work Plan 
(Anchor and Farallon 2008b) but showed no accumulated solids, indicating the more robust 
BMPs successfully limited solids accumulation and migration in the stormwater system.   
 

Some areas of the upland soils just east of the top of bank adjacent to SMU-3, SMU-5, SMU-8, 
and SMU-11 contain fill material with elevated concentrations of PCBs and metals (Section 
2.4.6.1).  The source of the fill is unknown.  Excavation of the shoreline bank soils and 
sediments is included in the removal action alternatives as necessary to remove the identified 
elevated near-surface (that is, upper 4 feet) chemical concentrations, stabilize the bank, 
prepare the bank for placement of slope containment materials, and avoid loss of aquatic 
habitat.  The bank excavation scope does not include continued excavation onto the Facility 
to attempt complete removal of all impacted upland fill material.   
 
Unauthorized ongoing City stormwater discharges through the 24-inch property line storm 
pipe (Section 2.6.1.1) that contains solids with elevated PCB concentrations is a likely 
ongoing source of PCBs to the Boeing DSOA and northern portion of the RAB.  This 
discharge will be eliminated, the solids will be removed from the 24-inch property line storm 
pipe, and any necessary remediation of the bank to account for releases from this pipe will be 
addressed either prior to or concurrent with the completion of the removal action. 
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Tidal backflushing occurs within the historical Boeing 15-inch property line storm pipe; the 
pipe contains solids with elevated PCB concentrations (Section 2.6.1.1).  This backflushing is 
a likely ongoing source of PCBs to the Boeing DSOA and northern portion of the RAB.  This 
discharge will be eliminated, the solids will be removed from the pipe, and any necessary 
remediation of the bank to account for releases from this pipe will be addressed either prior 
to or concurrent with the completion of the removal action.   
 

Additional ongoing sources of potential sediment recontamination will be present from the 
sediment-to-sediment pathway.  To the minimize the potential for recontamination from the 
adjacent/downstream Boeing DSOA cleanup, the Boeing DSOA corrective action and 
EMJ/Jorgensen Forge cleanup construction is anticipated to be completed concurrently 
during the same construction season(s) per the MOU (EMJ et al. 2007).   
 

Similarly, during development of this Final EE/CA, EPA stated that the EAA-5 Terminal 115 
removal action would occur concurrently with the Boeing DSOA and EMJ/Jorgensen Forge 
cleanups.  Subsequent completion of the adjacent upstream EAA-6 (RM 3.8 King County 
International Airport middle outfall/CSO No. 168) sediment cleanup action and ongoing 
sediment transport and deposition from other contaminated sediments in the LDW are likely 
an ongoing source of elevated sediment chemical concentrations that have the potential to 
recontaminate the RAB following the removal action.  EPA is attempting to coordinate all of 
the remedial actions in the LDW to minimize the potential for recontamination during 
cleanup actions. 
 

4.2.4.2 Specific Removal Action Elements 

Development of the removal action scope included consideration of the following specific 
elements: 

• The recommended removal action alternative will be a final cleanup action; no 
further actions will be required beyond long-term monitoring as necessary to monitor 
the achievement of RAOs over time.   

• Cleanup actions focused on addressing the horizontal and vertical extents of PCBs 
will also address the other elevated chemical concentrations in bank soils and 
sediments. 
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• Additional design level characterization may be conducted following completion of 
this Final EE/CA as necessary to complete the detailed design for the EPA-approved 
removal action alternative.  

• Asphalt, creosote‐treated timbers and piles, and other debris are present in intertidal 
sediments and along the shoreline bank.  The scope includes removal of this material, 
as necessary, for implementation of the removal action. 

• There are no available drawings associated with the construction of the abutted 
sheetpile and concrete panel walls so it is unclear how deep the piles extend below 
the mudline.  Failure of these walls would result in significant impacts to the uplands 
and directly adjacent building, which is unacceptable.  The scope prohibits removal 
directly adjacent to these structures to adequately protect their integrity. 

• Several species reported in the LDW are listed under the ESA as candidate species, 
threatened species, or species of concern (Table 2‐1).  Of these, Chinook salmon, 
Coho salmon, bull trout, and peregrine falcon may use the LDW on more than an 
incidental basis.  The removal action will be implemented according to the 
constraints set forth by the ESA process, with a goal of no net loss of aquatic habitat 
acreage.  Similarly, CWA Section 404 requirements are considered in the alternative 
development as they relate to the effects of dredging and filling on habitat 
(Appendix B). 

• Consistent with Washington State Hydraulic Code rules and ESA requirements, 
dredging and other in‐water work cannot occur during identified “fish window” 
closure periods.  The specific dates of these closures will be identified in consultation 
with NMFS and U.S. Fish and Wildlife Service (USFWS).  It is currently anticipated 
that in‐water dredging or capping of contaminated material will be permitted only 
between October 1 and February 15; however, these dates could change base on 
consultation with NMFS.  It is possible that some construction elements could be 
completed in‐the‐dry (shoreline bank excavation) outside this period if approved by 
EPA in coordination with NMFS and USFWS. 

• The RAB is within the U&A fishing areas of the Muckleshoot Tribe.  Within the 
RAB, salmon may be harvested by the Muckleshoot, and viable shellfish habitat may 
be present.  The removal action alternatives will not interfere with treaty rights to 
these resources. 
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4.2.4.3 Cleanup Coordination/Integration Elements 

Three cleanup coordination/integration elements were considered during development of 
the removal action scope.  
  
First, the removal action alternatives will account for adjacent cleanup actions conducted by 
Boeing in the DSOA.  As discussed in Section 1.3, Boeing is still negotiating with EPA on the 
cleanup alternatives to be included in the Boeing DSOA design document.  EPA is concerned 
that this continued delay may impact EMJ and Jorgensen Forge’s ability to implement the 
EE/CA remedy during the 2012 in-water construction window.  For this reason, EPA 
determined that—contrary to the MOU and previous written and verbal communication 
from EPA—the cleanup actions to be conducted by EMJ and Jorgensen and Boeing would be 
decoupled at this stage in the EE/CA development and recoupled in the future, following 
completion of Boeing’s Dispute Resolution and during design of the EPA-approved EE/CA 
remedy.  This Final EE/CA incorporates the most updated information on the Boeing DSOA 
design gained during attendance of the bi-monthly meetings with Boeing.   
 
Second, the removal action alternatives presented this Final EE/CA account for potential 
future navigation dredging and the anticipated associated mudline elevation changes east of 
the channel in the RAB and included the top of cap elevations requested by USACE (2010; 
Appendix D). 
 
Third, the removal action alternatives identified in Section 6 account for and allow 
integration with the future cleanup activities associated with removal of the corrugated pipe 
in SMU-11 serving as the discharge for the 24-inch and Boeing 15-inch property line storm 
pipes and cleanup of shoreline soils affected by discharges from the corrugated pipe. 
 

4.3 Applicable or Relevant or Appropriate Requirements 

All removal actions conducted under CERCLA authority must comply with other state and 
federal ARARs to the extent practicable given the urgency of the situation and the scope of 
the removal action (40 CFR 300.415[i]).  ARARs pertinent to the removal action have been 
identified and considered in defining the scope and the RAO of this removal action and in 
the selection of the recommended removal action alternative. 
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ARARs and to‐be‐considered requirements for the removal action are summarized in 
Table 4-1.  The alternatives presented in Section 6 have been evaluated for compliance with 
these ARARs.  The design for the selected alternative will provide further specifics regarding 
compliance with ARARs.  During the removal action, the substantive requirements of these 
ARARs will be met to the extent practicable, as required by the NCP. 
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5 IDENTIFICATION AND EVALUATION OF REMOVAL ACTION TECHNOLOGIES 

This section identifies and evaluates the applicability of potential removal action 
technologies within the RAB.  Management of contaminated sediments has been the subject 
of multiple review documents, and numerous federal, Washington State, and international 
documents and databases provide detailed information on removal, containment, treatment, 
and disposal technologies.  This Final EE/CA integrates information gathered during review 
of these documents, information gained from completed sediment remediation projects 
conducted regionally and nationally, and the site-specific identification and evaluation of 
technologies identified by LDWG in Identification of Candidate Technologies for the Lower 
Duwamish Waterway (RETEC 2005).   
 
The removal action technology identification and evaluation process used in this Final 
EE/CA focuses on technologies with demonstrated success on other projects of similar 
magnitude, cleanup duration, and site‐specific conditions as those identified for the RAB.  
The technologies considered in this Final EE/CA are presented and discussed in further detail 
in the following subsections, including a description of the technology, along with a general 
evaluation of the applicability and potential for success in the cleanup.  The most applicable 
technologies are then combined into three removal action alternatives for a more detailed 
evaluation.  Technologies evaluated are: 

• Institutional controls 
• Monitored natural recovery (MNR) 
• Sediment containment 
• Sediment removal 
• Sediment disposal 
• Ex situ treatment 

 
A No Action alternative is not considered a viable technology, because no action would fail 
to achieve the identified RAO (Section 4.1) of significantly reducing exposure of ecological 
and human receptors to elevated sediment chemical concentrations.  This alternative is 
carried forward, however, as a transparent basis for comparison as requested by the EPA in 
comments on the Draft EE/CA (2010a).   
 



 
 
 Identification and Evaluation of Removal Action Technologies 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility 71 080224-01 

To enhance the environmental benefits of the selected removal action, green remediation 
practices are considered in the technologies evaluation and will be incorporated into the 
design of the EPA-approved removal action alternative to the extent practicable.  Green 
remediation practices may include some or all of the following actions: 

1. Employ 100 percent use of renewable energy, and energy conservation and efficiency 
approaches including EnergyStar equipment. 

2. Use cleaner fuels, diesel emissions controls and retrofits, and emission reduction 
strategies. 

3. Incorporate sustainable site design. 
4. Utilize reused or recycled industrial materials within regulatory requirements. 
5. Require recycling or reuse of materials generated at or removed from the site. 
6. Use environmentally preferable purchasing. 
7. Support greenhouse gas emission reduction technologies. 
8. Use practices that promote the reduction of the use of paper by moving to electronic 

transmittal of project documents and implementation of waste reduction and 
recycling programs at the work site. 

 
To assist with evaluation of the applicability of these technologies, each technology is 
preliminarily screened based on potential effectiveness, implementability, and cost for the 
removal action.   
 

5.1 Institutional Controls 

5.1.1 Description and Applicability 

Institutional controls are actions that do not involve active remediation.  In most cases, these 
are activities, documents, information devices, physical restrictions, or legal restrictions that 
minimize, limit, or prevent human exposures to site COCs, or are measures undertaken to 
limit or prohibit activities that may interfere with a cleanup action.  The remainder of this 
section provides a brief summary of institutional controls.  A detailed summary can be found 
in EPA guidance documents (2000, 2003, 2004, 2005c, and 2010e).   
 
Institutional controls are widely recognized as a potential remedial technology for sediment 
sites (EPA 2000); however, these controls are often only suitable when used in combination 
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with other, more active remedial technologies.  For this reason, institutional controls should 
be viewed as a means to further reduce risks where other technologies are infeasible, 
partially effective, or require time before they become effective.  
 
EPA (2005c) has placed institutional controls into four broad categories: 

• Governmental controls 
• Property controls 
• Enforcement and permit tools with institutional control components 
• Information devices 

 
The specific technologies or activities recognized by EPA as most applicable to sediment sites 
(2000) are:  

• Fish consumption advisories and commercial fishing bans 
• Waterway use restrictions 
• Land use restriction/structure maintenance 

 
Based on these categories and site-specific information for the RAB, institutional controls 
that may be applicable in the RAB include use restrictions preventing exposure to or 
disturbance or sediments or other impacted media, such as: 

• Health advisories regarding specific activities, such as restrictions on fish 
consumption and swimming 

• Limitations on recreational use, such as swimming bans, anchoring prohibitions, or 
“no wake” zones, to reduce sediment disturbance 

• Bans on or permit requirements for dredging or certain waterfront improvements or 
alterations 

 

5.1.2 Evaluation 

Institutional controls can be an effective means to help support achievement of the RAOs for 
the removal action, particularly for alternatives that include placement of caps.  Institutional 
controls are potentially applicable and are retained as potential components of alternatives 
that include active cleanup (Section 6).  
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5.2 Monitored Natural Recovery 

The following subsections provide a description and applicability of MNR to the removal 
action and a preliminary evaluation of this technology. 
 

5.2.1 Description and Applicability 

MNR involves allowing natural processes to decrease the concentration, mobility, 
bioavailability, toxicity, and exposure of chemical concentrations in soil, sediment, and 
surface water.  Generally, the recovery is allowed to occur over a given timeframe and is 
expected to achieve specified goals within that timeframe.  MNR can occur through a variety 
of physical, chemical, and biological processes that act alone or in combination to reduce 
chemical concentrations, exposure, and or mobility in sediments.  MNR usually includes the 
following primary mechanisms that affect the surface of the sediment bed: 

• Mixing of incoming clean sediment from the water column with sediment containing 
chemicals, causing dilution of the chemical concentrations 

• Burial of sediments containing chemicals by incoming clean sediment from the water 
column 

• Degradation of organic compounds within sediments 
• Reduction of chemical mobility and toxicity by conversion to less toxic forms or 

forms that are more highly adsorbed to sediments 
• Diffusion/advection of chemicals to the water volume (that is, loss to the water 

column) 
• Transport of sediments containing chemicals and dispersion over wider areas at lower 

concentrations 
 
MNR is typically a necessary long-term monitoring component to document the presence 
and effectiveness of natural processes removing or further containing chemical 
concentrations or alternatively documenting post-construction inputs from off-site sources.  
Additionally, MNR is often maintained as a contingency measure at sites where dredging 
results in thin deposits of residual contaminated sediments that remain following dredging 
(known as dredge residuals) and monitoring is necessary to document recovery of these 
residuals over time.   
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5.2.2 Evaluation 

MNR is potentially effective, implementable, and cost-effective for the removal action and is 
retained for further consideration as a potential component of the removal action 
alternatives (Section 6).   
 

5.3 Capping 

The following subsections provide a description and applicability of capping to the removal 
action and a preliminary evaluation of this technology. 
 

5.3.1 Description and Applicability  

Capping (that is, sediment containment) is one of the most commonly evaluated and 
implemented remedial technologies for contaminated sediments (Palermo et al. 1998).  This 
remedial technology involves placement of clean material on top of contaminated sediments 
to provide an isolation barrier and achieve long-term sediment concentrations at the surface 
of the cap that are less than target media cleanup goals.  This barrier can reduce potential 
exposure to human and ecological receptors by preventing direct contact with contaminated 
sediments and reducing the flux of chemicals into the water column.  Cap monitoring results 
at other sites in the Puget Sound region have shown that capping can provide an opportunity 
for effective and economical sediment remediation, without the risks involved in removing 
contaminants by dredging (Sumeri 1996).  Generally these risks may include short-term 
sediment and chemical releases into the overlying surface waters leading to exposure to 
plants animals.  The use of capping technologies minimizes these potential risks. 
 
Based on the identified COC concentrations and the characteristics within the RAB, 
conventional sand caps and armored caps are considered an applicable technology for the 
removal action.  The specific cap configuration necessary to provide adequate isolation and 
resist erosive forces (for example, wave action and propeller wash) would be determined 
during design according to established EPA and USACE design procedures (EPA 1998).  The 
cap design would be approved by EPA when the final design documents are approved.   
 
Alternate capping technologies, such as reactive or composite caps, are not considered 
applicable to the removal action because the specific site-conditions for which they apply 
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(highly mobile chemicals and non-aqueous phase liquids) do not exist in the RAB.  For these 
reasons, reactive and composite cap technologies are not considered further in this Final 
EE/CA. 
 
The applicability of cap isolation in the RAB is affected by the sediment transport and 
deposition.  As discussed in Section 2.3.4, the hydrodynamic model developed for the LDW 
shows the erosion potential is heterogeneous throughout the RAB (AECOM 2010).  The 
model shows net erosion in the following RAB areas: 

• Shoreline bank area extending from the downstream portion of SMU-3 to SMU-11 
• The nearshore area within SMU-4A, SMU-6, and SMU-9 
• Channelward area within SMU-7 and SMU-10 (Figure 2-7) 

 
Alternatively, the model confirmed that the nearshore area adjacent to the concrete panel 
wall which is currently a mudflat area (Figure 2-2c) and extending out to the eastern edge of 
the navigation channel show net sedimentation greater than 1 centimeter per year  
(Figure 2-7).  The model also consistently showed maximum scour depths within the federal 
navigation channel adjacent to the RAB and Boeing DSOA and an increased potential for 
scour in a localized area just east of the federal navigation channel within the eastern central 
portion of the RAB in the turn of the LDW (Figure 2-7).  These modeling results indicate 
that a cap proposed within SMU-3 through SMU-11 would need to include sufficient 
armoring to resist the modeled erosive forces.  As applicable, the appropriate armor 
requirements would be determined during the design phase of the EPA-approved removal 
action alternative. 
 
Two types of remediation involving placement of clean sand are applicable to the removal 
action, as discussed in the following subsections.  
 

5.3.1.1 Enhanced Natural Recovery 

Enhanced natural recovery (ENR) includes the placement of a layer of clean material on top 
of sediments with relatively low SQS concentration exceedances to enhance the natural 
recovery of sediments in these areas both in the short and long term.  This layer is not 
intended to provide complete isolation of the underlying contaminated sediments but 
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generally facilitates sufficient isolation to allow deposition of new material, which further 
reduces migration of chemicals.  The placement of a layer of clean material accounts for the 
distribution of some amount of chemicals from the underlying sediments into the clean 
material.  The materials added comingle with the surface sediments resulting in reduced 
concentrations; over time, additional sediment inputs may also accumulate and contribute to 
reduced concentrations.  The use of this type of technology requires long-term monitoring of 
the surface sediments extending down to the EPA-identified vertical point of compliance to 
monitor achievement of remedial goals over time.   
 

5.3.1.2 Engineered Cap 

Engineered caps involve the placement of clean material on top of sediments with relatively 
elevated chemical concentrations to isolate the sediments.  For the purposes of this Final 
EE/CA, isolation materials placed along the shoreline bank are termed “slope containment.”  
The appropriate thickness of an engineered cap typically consists of the placement of the 
appropriate thickness of clean material, depending on the COC concentrations and site-
specific characteristics.  This primary isolation layer may be augmented by layers of other 
materials for various purposes, such as providing habitat or erosion controls on the cap 
surface (for example, spawning gravels, cobble, quarry spall, or riprap).  Regardless of the 
particular design, the primary objectives of engineered cap design are: 

• Stabilizing the sediment and preventing resuspension, contaminant mobilization, and 
sediment transport 

• Chemically isolating the contaminated sediment and reducing contaminant flux into 
the water column 

• Physically isolating the contaminated sediment from benthic organisms (Palermo  
et al. 1998) 

 
An engineered cap in the RAB would be designed to effectively contain and isolate 
contaminated sediments from the overlying vertical point of exposure/compliance, which 
the EPA comments on the Draft EE/CA (2010a) identified as the top 18 inches (45 
centimeters) below the mudline.  The specific configuration of the cap to achieve the RAOs 
within the vertical point of compliance would be determined during the design and at a 
minimum would account for the following factors:  
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1. Amount of erosion protection required to secure the cap in place based on modeling 
or site-specific studies identifying the forces that may affect cap stability (for example, 
prop wash, river discharge during a range of anticipated flow conditions, and seismic 
forces) 

2. Cap thickness required to prevent the activities of benthic organisms from mixing 
contaminated layers with cap material layers (for example, bioturbation). 

3. Cap thickness and permeability required to effectively reduce the migration of 
contaminants (flux) to the water column via advection and diffusion (Palermo et al. 
1998) 

 
The materials used for capping would be obtained from an established borrow source(s) 
within the region.  The materials would need to meet the specified physical characteristics 
identified in the design documents and be sampled to document that the chemical 
concentrations are below the applicable criteria for in-water placement. 
 
Capping material would be placed either from the water side using a clamshell derrick and a 
supply barge of cap material or from the shore at low tide using land based earthwork 
equipment.  It is anticipated that the bank slope containment (above approximately 0 feet 
MLLW) would be conducted using land-based equipment in-the-dry to the extent feasible 
and all other capping activities would be conducted from the water side.  Placement of 
containment material in‐the‐dry allows equipment operators to visually place the capping 
material and more accurately ensure that the required coverage and material thickness is 
achieved, and reduces the potential for increased water column turbidity.  Alternatively, 
water-side placement is often more practicable, and numerous contractors in the region are 
experienced in the successful placement of caps on banks and in waterways using floating 
equipment.  Water-based placement may need to account for tidal fluctuations but is not 
anticipated to severely limit the operations given the existing mudline elevations and 
dimensions of the RAB. 
  

5.3.2 Evaluation 

Review of the identified concentrations and characteristics in the RAB indicate that ENR is 
not considered applicable because of the low target medial cleanup levels anticipated to be 
selected in the ROD (Section 4.1) for protection of higher seafood consuming human 
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populations and the presence of erosional areas in some areas of the RAB.  If ENR were 
applied in the RAB, the thickness of the ENR layer necessary to achieve the future target 
media cleanup levels with appropriately designed overlying armor layer is anticipated to be 
consistent with the capping design requirements.  For this reason, ENR would be 
synonymous with capping and is not carried into the removal action alternatives presented 
in Section 6. 
 
Review of the identified concentrations and characteristics in the RAB indicate that 
engineered capping could be applied to each of the SMUs in the RAB, both in the absence or 
presence of dredging.  Capping along the shoreline could occur following re-grading of the 
existing slope (Figure 2-2a and 2-2b) to remove the existing debris and construct a stable 
slope that could be capped.  The identified chemical concentrations in surface and subsurface 
sediments are within a range that has successfully been isolated using capping in other 
projects conducted regionally and nationwide.  Sufficient sediment characterization and 
hydraulic modeling has been completed to identify the surface and subsurface sediment 
concentrations throughout the RAB to facilitate the design that would successfully isolate 
the elevated chemical concentrations and resist modeled erosive forces.  Capping in the 
absence of dredging would need to account for the applicable in-water filling and floodplain 
protection ARARs (see Section 4.3), including the requirement to have no net increase in fill 
volume in the RAB. 
 

5.4 Removal 

Removal technologies physically remove material from the RAB.  The removed material is 
then separated, consolidated, treated, and/or disposed in a new location that minimizes the 
mobility, exposure, or impacts to human health and the environment.  The greatest 
advantage of removal technologies is that the removed material no longer presents a risk to 
human health and the environment in the RAB.  The primary disadvantage is the potential 
for short-term releases during the removal action.   
 
Evaluation of the RAB characteristics identified that removal could help achieve the 
following objectives: 
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• Removal of elevated sediment concentrations and soil concentrations (primarily 
metals and PCBs), debris, dilapidated piles, and remnant overhanging structures from 
the shoreline bank area, and reconfiguration of the bank to a gentler slope with 
improved habitat conditions.  Concentrations of COCs exceed the screening levels in 
shallow soils along the bank and the existing steep slope does not facilitate direct 
placement of slope containment.   

• Removal of material with the highest chemical concentrations.  Although engineered 
caps can be effectively designed to provide adequate isolation of relatively high 
chemical concentrations, removal ensures this material will not present a risk if 
localized cap failure occurs.   

• Full vertical removal to expose a sediment clean surface.  Existing subsurface 
sediment characterization has identified that removal down to depths ranging 
between 1 to 6 feet below mudline would remove the full extent of chemical 
concentrations below the RvAL in portions of the RAB.  Excavation to these depths is 
feasible and would eliminate future risk associated with these areas.   

• Removal of elevated chemical concentrations that would be exposed following 
potential future navigational dredging by USACE.  Potential future dredging by 
USACE within the federal navigation channel and 10-foot horizontal offset may 
result in the removal and/or instability of sediments within SMU-2, SMU-4C, SMU-7, 
and SMU-10.  The removal action alternatives in this Final EE/CA ensure that the 
potentially exposed surface will achieve the RAOs. 

 
Removal could be performed from the water side using barge-mounted clamshell dredging 
equipment (for example, clamshells), or from the land at low tide using land-based 
earthwork equipment (that is, excavation).  Further description of these removal options is 
provided in the following subsections. 
 

5.4.1 Land-based Excavation 

5.4.1.1 Description and Applicability 

Land-based excavation using excavators, backhoes, and other conventional earth moving 
equipment may be used to remove the shoreline bank sediments/soil in SMU-3, SMU-5, 
SMU-8, and SMU-11.  Excavation in these areas may be coordinated in-the-dry during 
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periods of low tidal elevations.  Given the geometry of the shoreline and the typical reach of 
upland equipment, it is anticipated that materials removed from the bank area would be 
placed into an upland stockpile area.  The materials would be later rehandled into properly 
lined trucks or railcars (the Facility is outfitted with rail spurs, which could potentially be 
used) and transported to a permitted, non-hazardous disposal facility.   
 
Completing excavations from the land (and in‐the‐dry or with minimal river inundation 
based on tidal elevations) provides several advantages compared to working in the water, 
including: 

• Operators can see the work area and accurately place the bucket to ensure complete 
removal to the design limits 

• Operators and oversight staff can see the excavated face and adjust the depth of 
excavation based on observed conditions 

• The material to be removed can be maintained in a relatively intact state, reducing 
the potential for creating a slurry of sediment and water that can be difficult to 
capture in the excavator bucket and manage during offloading and disposal 

• The potential to entrain impacted material in the water column is generally 
eliminated 

 
The ability to work in-the-dry will be based on the tidal elevations during the construction 
period and work week.  As summarized in Section 2.3.5, the MLLW and MHHW elevations 
are 2.76 feet and 10.24 feet, respectively.  In some cases, the ability to work completely 
in‐the‐dry would be limited by the practical ability to time the available low tides within this 
elevation range.  During construction planning, the selected contractor will evaluate this 
ability.   
 
It is important to note that in‐water construction windows will be determined by EPA in 
consultation with NMFS, USFWS, WDFW, and the Muckleshoot Tribe.  Currently, USACE 
recognized in-water work window to protect listed fish species extends annually from 
October 1 to February 15; however, these dates are set based on consultation with the NMFS 
and may vary from year to year and project to project.  It is anticipated that EPA may allow 
excavation work below ordinary high water outside the established in‐water construction 
window if the work is effectively completed in‐the‐dry when tides are out and sufficient 
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temporary erosion and sedimentation controls are implemented to minimize potential 
impacts to the water column. 
 

5.4.1.2 Evaluation 

Land-based excavation is effective, implementable, and cost-effective, and is retained as a 
potential component for the removal action alternatives (see Section 6). 
 

5.4.2 Dredging 

Dredging is conducted using either mechanical or hydraulic dredging equipment.  Both of 
these dredging technologies are considered for the removal action and summarized in the 
following sections.  Per EPA’s request, additional detailed information regarding the specific 
technologies and BMPs that will be used to minimize significant in-water releases of 
suspended sediments during dredging completed as part of the EE/CA removal action is 
provided in Appendix E.   
 

5.4.2.1 Mechanical Dredging 

Mechanical dredging is performed with the use of a barge mounted excavator or a derrick 
with a bucket.  In the Puget Sound region, this typically involves lowering a clamshell 
bucket from a derrick to the mudline, removing the encountered target material, lifting the 
bucket to the surface, and placing the material into a haul barge.  Once full, the haul barge 
would be transported to an offloading facility and transferred to the uplands for ultimate 
disposal at a permitted disposal facility.  The dredged material is typically passively and/or 
actively dewatered to some extent to reduce the production and potential loss of water from 
the sediments during offloading and transportation.   
 

Dewatering can include passive return of free water through the haul barge scuppers 
(filtration BMPs would be implemented), pumping free standing water off of sediments and 
treating that water (if necessary for disposal), or adding reagents to the sediments that bind 
the water to the sediments.  Potential additives include Portland cement, lime (granular or 
powdered quicklime or hydrated lime), and kiln dust, which reduce water content through 
hydration reactions.  Pulp/paper byproduct additives have also been used on a smaller 
number of sites.  It is anticipated that the more active dewatering activities would be 
conducted at the offloading facility as necessary to facilitate offloading and transportation. 
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Conventional mechanical dredging methods generally advance each dredge cut at a constant 
dredge elevation within a discrete area.  Dredging of sloped areas is normally completed with 
a series of stair-step cuts.  The removal of a sloping layer is thus achieved by completing a 
series of horizontal step cuts into the slope.  The stair-step cuts result in a non-linear slope 
and the dredging of some clean sediment along with the impacted sediment in order to 
achieve the desired removal.  The actual dredging pattern for the slopes will be established 
by the selected removal action contractor to match the capabilities of the dredging 
equipment.  
 
Mechanical dredging allows for the removal of debris better than hydraulic dredging because 
the bucket can grab on to the debris (for example, rock, tree branches or stumps, and trash); 
however, mechanical dredging results in the release of approximately 2 to 6 percent (average 
4 percent) of the material disturbed (Patmont and Palermo 2007).  This material typically 
falls back from the bucket either because the bucket is overfilled or the bucket didn’t seal 
well due to rocks or debris in the mouth of the bucket.  Residuals are dealt with several 
ways, including using specific dredging procedures shown to reduce residual production, 
redredging the surface layer, and placing a thin layer of clean material over the cut.  A 
portion of the contaminants dredged may also dissolve into the water column and cause an 
increase in the dissolved concentrations of contaminants.  Studies have shown a loss of 2 to 3 
percent of the PCB mass dredged to the water column (USACE 2008b).   
 
Mechanical dredging is adaptable to various conditions by changing bucket type (closed 
bucket versus digging) and size to match the material being removed.  Removal can 
successfully be conducted on both flat and sloping areas and successfully remove debris.  
Because mechanical dredging uses conventional marine and upland construction equipment 
(barges, cranes, and excavators), there are multiple sources of the equipment in the Puget 
Sound region and a number of experienced contractors potentially available.   
 

5.4.2.2 Hydraulic Dredging 

Hydraulic dredging involves sediments being directed into the suction end of a hydraulic 
pipeline by various methods (for example, a rotating cutterhead) and transported up the 
water column to the discharge end of the pipeline via a centrifugal pump.  The slurry that 
discharges out of the pipeline has variable percent solids content by weight.  The percent 
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solids can be as low as 2 to 5 percent but on average is 10 to 15 percent, resulting in large 
volumes of water when compared to mechanical dredging.  The produced slurry would 
require the development of a large handling site nearby to dewater the slurry followed by 
disposal of the dewatered solids and treatment of the dewater fluids.   
The following factors would limit the effectiveness of hydraulic dredging within the RAB: 

• Development and Operation of Handling Facility:  Hydraulic dredging requires the 
procurement of land and development and operation of a handling facility to manage 
the generated slurry.  This is typically only cost effective for larger, long-term projects 
or for work that can only be completed by hydraulic dredging due to site constraints 
(for example, diver operated dredging).  In addition to the management of the 
sediments, this facility would also need to account for management of the dewatering 
fluids which further increases expenses.   

• Spillage Residuals:  The rotating cutterhead associated with hydraulic dredging would 
result in a “spillage layer” of sediment residuals not captured by the dredge.  The 
spillage layer is composed of mixed sediment from the cut face of the dredge area that 
is not removed by the hydraulic dredge, with chemical concentrations similar to the 
average concentration of the sediment layer in the cut face.  This spillage layer has 
been estimated as half of the discharge pipe diameter (Palermo et al. 2008), which 
means that a 12-inch dredge (12-inch-diameter discharge pipe) would leave a spillage 
layer of approximately 6-inches thick. 

• Debris:  Previous characterizations conducted within the RAB (both along the 
shoreline bank and in-water areas) have identified the presence of debris associated 
with industrial areas (for example, cables, chains, steel plates, construction rubble, 
broken piles), rock, and large woody debris.  This debris would likely plug the 
pipeline or damage the suction head typically sized for this type of project, leading to 
work delays and increased costs.   

• Equipment Availability:  The availability of hydraulic dredging equipment in this 
region can be low due to the need for dedicated, specialized equipment. 

 
While the removal action may be constructed concurrently with the Boeing DSOA cleanup, 
Boeing is currently not retaining the use of hydraulic dredging as an effective removal 
technology (AMEC and Floyd Snider 2010).  Similarly, the Lower Duwamish Waterway Slip 
4 Early Action Area Engineering Evaluation/Cost Analysis (Integral 2006) and Terminal 117 
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Engineering Evaluation/Cost Analysis (Windward et al. 2010) dismissed hydraulic dredging 
as a removal technology because of its limited effectiveness in debris and implementability 
and cost concerns for upland handling facility requirements.  In addition, the total volume of 
contaminated sediments involved is relatively small compared to the volume of water that 
will be generated.  For example, the removal of 10,000 cubic yards of sediment in a 10-
percent slurry would generate 90,000 cubic yards or approximately 18 million gallons of 
water.   
 
For the reasons previously stated in this section, hydraulic dredging is not considered 
practicable for this removal action. 
 

5.4.2.3 Dredging Evaluation 

Mechanical dredging is effective, implementable, and cost-effective, and is retained as a 
component of the removal action alternatives (Section 6).  Hydraulic dredging is not feasible 
in the RAB due to the issues with hydraulic dredging summarized in the previous section.   
 

5.5 Ex situ Treatment – Incineration 

Identification of Candidate Technologies for the Lower Duwamish Waterway identified 
several treatment technologies deemed to have potential applicability for site-wide cleanup 
in the LDW (RETEC 2005).  These include incineration and alternate treatment methods 
including soil washing and high-temperature thermal desorption.  These technologies are 
discussed in the following subsections and evaluated for their applicability to the removal 
action.  Table 5-1 summarizes some of the general advantages and disadvantages of applying 
these treatment technologies for this early action.  
 

5.5.1 Description and Applicability 

Incineration uses high temperatures, (870 to 1,200° C or 1,600 to 2,200° F) to volatilize and 
combust (in the presence of oxygen) organics in hazardous wastes.  Auxiliary fuels are often 
employed to initiate and sustain combustion.  Incineration can potentially occur at fixed, 
permitted facilities located out of state or at an on-site mobile unit. 
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5.5.2 Evaluation 

The destruction and removal efficiency for properly operated incinerators exceeds the 99.99 
percent requirement for hazardous waste, and incinerators can be operated to meet the 
99.9999 percent requirement for PCBs.  Some short‐term and long‐term residual risks, 
however, may be associated with formation of dioxins and furans (a primary risk driver of 
COIs identified in the LDW Final RI [Windward 2010]) as a combustion byproduct of PCBs.  
Incineration is generally not effective for inorganic contaminants.  Off‐gases require 
treatment, and the combusted soils require disposal and potentially additional treatment.  
Short‐term risks to local communities associated with incineration are managed through the 
requirements of the incinerator’s operating permits.  The processed soil can constitute a 
significant percentage of the original feedstock (by volume) and must still be disposed of, 
most likely in a solid waste landfill.  This type of processing does little to reduce the impact 
on landfill capacity and would require additional waste transport and handling steps, which 
adds short‐term risk.  Incineration can effectively treat PCBs but may not effectively treat 
inorganics or substantially reduce disposal requirements. 
 
The Toxic Substances Control Act (TSCA) defines examples of devices used for incineration 
including rotary kilns, liquid injection incinerators, cement kilns, and high temperature 
boilers.  While there are cement kilns located in facilities on the LDW, one of those facilities 
declined to take sediments from the Norfolk CSO Sediment Remediation Project in 1998 
citing concerns over high salt concentrations that may have affected the facility’s process.  
Since the RAB is located downstream, making it more likely affected by the salt water 
wedge, it is unlikely that sediments removed from the RAB would be accepted by the local 
cement kilns.   
 
Siting and permitting (or meeting substantive permit requirements) of a mobile incinerator 
in the LDW vicinity would present substantial administrative feasibility concerns and is not 
considered implementable in the timeframe of this removal action.  Fixed incinerators 
licensed for PCBs are not available in the region; therefore, incineration would require 
transporting waste over significant distances to commercially permitted facilities located in 
Utah, Arkansas, or Texas.  The TSCA requires that PCB-contaminated soil with 
concentrations equal to or greater than 500 mg/kg dry weight (dw) be treated using a 
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TSCA‐approved incinerator; however, existing data indicate that these concentrations are 
not present in the RAB.  
 
Incineration technology has the specific shortcomings of long haul distances and high cost 
and is typically applied only to those materials for which it is mandated under TSCA, where 
alternate disposal or treatment methods for materials containing lower concentrations of 
PCBs are not allowed.  The technology is not cost effective compared to direct upland 
disposal. 
 
In summary, incineration is not retained for further consideration as a treatment alternative 
for the removal action for the following reasons: 

• On-site incineration is not implementable in the timeframe for this removal action. 
• Off-site incineration is potentially effective in treating PCB‐containing material; 

however, additional short‐term risks are associated with the long transport distances, 
and the material would still require landfill disposal. 

• Off-site incineration is not cost effective compared to disposal in a landfill.  The 
incremental costs of incineration are substantial and disproportionate to any benefits 
gained by the treatment. 

 

5.6 Alternate Treatment Technologies 

5.6.1 Description and Applicability 

The feasibility and cost-effectiveness of sediment treatment for the project depend on a 
number of factors, including the quantity of material to be treated over time, contaminant 
types and concentrations, the target post-treatment contaminant concentrations, and the 
potential end uses and marketability of the treated material.  Based on the demonstrations in 
the New York/New Jersey harbor region that were supported by large experimental 
technology grants, sediment treatment has the potential to become a viable alternative for 
sediments in the future (Wargo 2002).  The total cost and overall feasibility of treatment 
must first approach the cost and feasibility of the disposal alternatives (USACE 2003).   
 
In general, for treatment to potentially approach the cost-effectiveness of other disposal 
alternatives, the treated material would require beneficial use to reduce disposal costs.  The 
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local market for beneficial reuse of treated sediment originating from Superfund sites is 
anticipated to be very limited, and placement of treated materials back into the RAB is not 
considered a practical option due to timing constraints and anticipated residual 
concentrations.  In addition, a recent document summarizing the technical and policy 
considerations related to the use of the Biogenesis™ process for the treatment of 
contaminated sediments that are dredged from the LDW concludes that this process is not 
viable for the early action sites because its effectiveness is unproven, it would be difficult to 
implement and would delay cleanup, and is not cost-effective (RETEC and Integral 2005). 
 
Alternate treatment technologies specifically targeting PCB and other organic contaminants 
in excavated/dredged materials are identified in Identification of Candidate Technologies for 
the Lower Duwamish Waterway (RETEC 2005).  These included advanced soil washing and 
high‐temperature thermal desorption (HTTD).  An evaluation of these alternate treatment 
technologies is summarized in the following section. 
 

5.6.2 Evaluation 

Advanced soil washing and high-temperature thermal desorption have limitations on their 
effectiveness for particular soil types.  For example, soil washing and thermal desorption are 
less effective at removing contaminants from fine soil particles (silts and clays).  The RAB 
sediments in most areas are expected to contain a significant percentage of fines.  It is 
unlikely that this fines fraction could be sufficiently cleaned to overcome the strict 
institutional barriers to disposal of treated materials within the aquatic environment.   
 
Advanced soil washing has never been implemented on a full scale and limited pilot-scale 
data are available.  The pilot-scale tests have limited comparability to the RAB sediment and 
soil conditions.  The uncertainties associated with the effectiveness for the removal action 
would require evaluation in a pilot study that would delay the cleanup and still not resolve 
all the concerns with implementability or cost-effectiveness. 
 
While thermal desorption systems may be able to receive low-level contaminated soil (i.e., 
containing concentrations lower than 50 mg/kg), most of them are geared toward processing 
other types of solid waste (that is, refuse) or soil contaminants (that is, TPH).  Lower-
temperature thermal treatment of PCBs (lower than temperatures in TSCA-approved 
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incinerators) can be problematic, resulting in only partial destruction and the generation of 
partially oxidized, highly toxic byproducts such as dioxins.  Incinerators specially permitted 
to accept PCBs have very strict monitoring requirements for their process and emissions, 
beyond those normally practiced at other facilities.  Without such safeguards, there is no 
guarantee that PCBs are being effectively treated (destroyed) or that potential health impacts 
to the surrounding community are adequately addressed. 
 
There are significant potential liability issues with off-site reuse of soils containing residual 
levels of PCBs and other contaminants.  On-site reuse is not considered administratively 
implementable due to logistics and concerns over reintroducing contaminants to a sensitive 
aquatic habitat.  Compared with landfill disposal, most potential reuse options (either on-site 
or off-site) would have the potential for greater long-term human and/or environmental 
exposures to residual concentrations of contaminants.  In the case of soil washing, residual 
levels of treatment chemicals may also create toxicity; therefore, any reuse option would 
require careful evaluation (and potentially permitting) by regulatory agencies and other 
stakeholders.  Such evaluations could require considerable time and effort.   
 
These concerns, coupled with the short timeframe for the removal action, make it likely that 
most or all of the treated soil would still require disposal at a permitted RCRA landfill.  The 
other waste streams (such as sludges and wastewater containing PCBs from soil washing or 
gasses from thermal desorption) would also require treatment or disposal.   
 
Additional elements affecting implementability include: 

• Testing and Design Requirements:  Treatability testing would be required for 
evaluating the effectiveness of these technologies for the removal action sediments 
and soils optimizing the process for these materials.  This process, including sampling, 
analysis, treatability testing, and reporting, would require at least 6 months of 
additional planning time.  If the process showed promise for these specific soils, the 
subsequent design, contracting, and mobilization of this technology would also add 
several months to the project schedule.  The goal of the EE/CA removal action is to 
provide early risk reduction with an accelerated cleanup process.  In the context of 
the timeframe of this removal action, these technologies are not readily 
implementable. 
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• Need for Pre- and Post-treatment:  Treatment processes require that large debris first 
be screened out, with only the uniform soil particles being processed.  The shoreline 
bank area contains more debris than found in the sediments.  For these reasons, pre-
screening would necessarily be more intensive for the bank area soils as compared to 
other, more typical soils.  

• Need for Residuals Management:  Soil washing (and operation of associated storage 
facilities) creates substantial quantities of wastewater that requires management and 
additional treatment, either on site or off site.  Wastewater management requirements 
add complexity and cost to the project, increase the overall scope of the treatment 
facility, and can result in project delays associated with logistics.  For example, 
wastewater would require treatment and analysis prior to disposal or discharge.  
Discharge to the King County wastewater treatment system may not be viable due to 
limited sewer capacity, discharge to the waterway would require permitting or 
otherwise meeting the substantive permit requirements, and the wastewater 
treatment system itself would require treatability testing to design the system and 
ensure that contaminants are effectively reduced to accepted levels in the wastewater 
discharge. 

• Lack of Established Facilities:  No treatment facilities exist near the RAB that 
routinely process PCB-contaminated materials.  Consequently, a significant piece of 
upland property would need to be procured to erect and operate a mobile plant to 
accommodate material pre-treatment and handling processes. 

 
Experience has shown that mobilization and setup of a project‐specific treatment facility 
entails a significant initial cost.  The treatment plant must process a significant volume of 
material to recover the fixed mobilization and setup costs.  This may not be possible for the 
removal action, where the various removal action alternatives consider sediment/soil 
removal volumes ranging from 15,900 to 21,000 cubic yards.  Taken together with high 
implementation and pilot testing costs, these technologies are not cost effective for this 
particular site‐specific application. 
 
In summary, treatment is not retained for further consideration as a removal action 
alternative for the following reasons: 
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• The effectiveness on sediments within the RAB is uncertain and requires treatability 
testing. 

• Established off-site facilities are not available regionally. 
• Given the testing, design, and substantive permit requirements associated with 

evaluating performance and establishing treatment facilities, these technologies are 
not implementable in the timeframe of the removal action. 

• Treated material would still require landfill disposal. 
• Treatment is not cost effective compared to landfill disposal.  
• The incremental costs of treatment are substantial and disproportionate to any 

benefits gained by the treatment. 
 

5.7 Disposal 

Excavated or dredged material could potentially be disposed at permitted off-site facilities or 
at a constructed on-site disposal facility.  A summary of the disposal options for sediments, 
soils, and debris removed from the RAB is provided in the following subsections. 
 

5.7.1 Off-site Disposal 

5.7.1.1 Description and Applicability 

Disposal of excavated and dredged material in permitted RCRA Subtitle C (that is, TSCA 
hazardous waste) or RCRA Subtitle D landfills meets all state and federal requirements and 
uses reliable and demonstrated technologies.  It is readily implemented and minimizes the 
amount of upland area and time required for material handling and loading.  Landfill disposal 
is routinely approved by EPA and the State of Washington for disposal of PCB‐contaminated 
solids.  Disposal sites must be evaluated and approved by EPA before they are selected to 
receive materials originating from CERCLA sites.  EPA’s review includes assessing the site’s 
compliance with TSCA and/or RCRA permits and governing regulations.  This agency 
evaluation of any proposed landfill disposal site will be consistent with the Off‐Site Rule 
(40 CFR 200.440).  This rule is intended to avoid CERCLA wastes contributing to present or 
future environmental problems by directing these wastes to sites determined to be 
environmentally sound.  
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Existing soil and sediment sampling information within the RAB indicates all of the 
excavated and dredged material would have total PCB concentrations less than 50 mg/kg dw; 
therefore, it is suitable for placement in a RCRA Subtitle D solid waste landfill.  Should any 
load of excavated or dredged material be shown to exceed 50 mg/kg dw PCBs, it would be 
disposed of in a permitted Subtitle C TSCA landfill.   
 
Hauling of material from the removal area and/or offloading facility (water-based dredging) 
to the disposal site would result in increased truck traffic and air pollution on neighborhood 
streets for the duration of the removal phase.  Transportation and safety plans addressing 
hours of operations; estimated numbers of trucks and barges required for soil and sediment 
hauling; anticipated transport routes; material spill prevention, containment, and response 
plans; and other protective and mitigating elements will be prepared by the selected 
contractor as part of the removal action work plan documents.   
 
The following sections briefly summarize the regional off-site landfill disposal options. 
 

5.7.1.2 Regional RCRA Subtitle D Landfills (Solid Waste) 

Dredged material that satisfies the solid waste regulations could be disposed in Subtitle D 
RCRA commercial landfills.  Roosevelt Regional Landfill near Goldendale, Washington, and 
Columbia Ridge Landfill near Arlington, Oregon are the two upland regional landfills that 
have established services to receive dredged sediments and low-concentration contaminated 
soil (PCB concentrations less than 50 mg/kg dw).  These sites are licensed as RCRA Subtitle D 
commercial landfills in the states in which they operate, and both have the ability to receive 
wet dredged sediments delivered to the landfill by rail. 
 
Allied Waste operates the Roosevelt Regional Landfill.  During 2004, Allied Waste (then 
known as RABANCO) handled dredged material at a barge-to-rail loading facility at the 
Port.  It is anticipated that Allied Waste or other waste handling firms are currently looking 
for a new waterfront property to provide an offloading facility and subsequent barge-to-rail 
transloading in the future.  Dredged material would be delivered to Allied Waste’s sediment 
offloading facility via barge, while upland excavated material would be transported by truck 
to an Allied Waste transfer facility. 
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Waste Management operates the Columbia Ridge Landfill.  In 2004, Waste Management 
completed significant upgrades at the landfill to allow offloading of rail cars loaded with soil 
and dredged material.  Waste Management does not currently operate a barge-to-rail transfer 
facility in the area.  It is anticipated that they are currently looking for a new waterfront 
property to provide and offloading facility and subsequent barge-to-rail transloading in the 
future.   
 
During the removal action design process, one or more offloading facilities would be 
identified.  Dredged material could be delivered to the identified sediment offloading facility 
via barge, while upland excavated material could be transported by barge or truck to a 
regional transfer facility operated by a landfill.  If a barge-to-rail transfer facility is not able 
to be located, dredged materials could be loaded directly into watertight containers that 
could then be picked off the barge, loaded onto chasses and drayed to a local rail yard.  
 

5.7.1.3 RCRA Subtitle C/TSCA Landfills (Hazardous Waste/PCBs) 

As discussed in the previous section, no PCB concentrations have been identified in the RAB 
that exceed 50 mg/kg dw.  If PCB concentrations above this threshold are identified, the 
removed material must be placed in a hazardous waste landfill specially designed and 
permitted under TSCA to receive such materials.  Landfills meeting these requirements and 
effectively providing disposal services for TSCA-regulated solids containing PCBs suitable for 
landfill disposal and originating in the Northwest include: 

• Chemical Waste Management of the Northwest:  Chemical Waste Management’s 
facility located at Arlington, Oregon.  This Subtitle C secure landfill facility provides 
land disposal of soil and debris contaminated with PCBs at concentrations exceeding 
levels allowed in regional solid waste landfills.  The Arlington site is accessible from 
Seattle by rail. 

• U.S. Ecology:  A subsidiary of the American Ecology Corporation, U.S. Ecology 
operates chemical waste landfills permitted under TSCA for accepting PCB-
contaminated materials at Grand View, Idaho, and Beatty, Nevada.  The Beatty 
facility is located 100 miles northwest of Las Vegas.  The site at Grand View is 
accessible by rail. 
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TSCA regulated solids containing PCBs at concentrations equal to or exceeding 500 mg/kg 
dw are prohibited from land disposal under TSCA and are typically incinerated; however, 
data from the RAB indicate these concentrations should not be encountered. 
 

5.7.1.4 On-site Disposal 

On-site disposal involves consolidating the removed material in a containment cell 
constructed within the project boundaries.  Upland on-site disposal involves placing removed 
material into a lined and capped embankment constructed away from the shoreline.  In-
water on-site disposal involves placing dredged material into a cell constructed in the aquatic 
environment.  One example of in-water disposal involves placing dredged material into a 
submerged pit, which is then covered by a cap, referred to as confined aquatic disposal.  
Another example of in-water disposal involves placing dredged material into a diked cell 
extending from the shoreline that is then capped to create new uplands.  This is referred to as 
nearshore confined disposal.  Implementation of on-site disposal technologies normally 
requires extensive site evaluations and design studies.  Issues to be addressed include 
contamination transport and containment, long-term stability, land-use regulations, 
comparison to alternate technologies, and public acceptance. 
 

5.7.1.5 Evaluation 

On-site disposal was not considered viable for the removal action based on the following 
preliminary evaluations: 

• Schedule:  The time required to fully investigate, design, and implement an on-site 
disposal technology can be much more than one year, which is too long and not 
appropriate for a removal action. 

• Land Availability:  There is limited space available at the Facility to construct an 
upland containment cell.  Relocation of dredged material into the upland would also 
cause unacceptable changes to the topography that would significantly limit the 
future productive use of the Facility operations. 

• Need for Mitigation:  Construction of a confined disposal facility (CDF) would 
represent a net loss of aquatic habitat and would require mitigation under CWA 
Section 404.  Property would have to be acquired for the CDF, as well as for a 
mitigation site that would provide appropriate replacement of lost aquatic acreage and 
habitat function. 
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• Alternate Technologies:  CWA Section 404 limits the construction of in‐water 
disposal sites to situations where there is no other less-damaging practical alternative.  
Since off-site disposal is a currently available practical alternative for the removal 
action, in‐water filling is not considered applicable for this removal action.   

• Cost:  Development of an on-site disposal facility would require significant 
expenditures for evaluations, design, permitting, construction, and potentially land 
acquisition.  To be cost effective, these high development costs need to be spread over 
large volumes (100,000-plus cubic yards) of disposed material, or constructing the 
facility needs to result in other benefits such as the creation of new industrial uplands 
or new habitat.  Because of the relatively low volume of material generated by the 
removal action (15,900 to 21,000 cubic yards), the creation of on-site containment is 
not considered cost effective as compared to off-site disposal. 
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6 IDENTIFICATION AND EVALUATION OF REMOVAL ACTION ALTERNATIVES 

This section presents the three removal action alternatives identified for the RAB.  
Specifically, this section: 

• Provides a description, construction methods, and conservation methods for each of 
the proposed removal action alternatives 

• Provides a general description of the management of residual contamination that may 
be caused by implementation of the removal action alternatives 

• Summarizes the institutional controls that may need to be implemented to reduce the 
potential for disturbance to the engineered cap proposed by the removal action 
alternatives  

• Discusses the implementability, effectiveness, and estimated cost of each removal 
action alternative  

 
Section 5 identified that MNR, removal (land based excavation and waterside dredging), 
capping, and offsite disposal were the technologies potentially applicable to the removal 
action.  These technologies have been assembled into three removal action alternatives 
(Alternatives 2 through 4) to achieve the RAOs defined in Section 4.1.  As requested in the 
EPA comments on the Draft EE/CA (2010a), a No Action alternative (Alternative 1) is also 
included as a baseline of comparison for the other active alternatives.  Alternatives 2 through 
4 address the sediments and shoreline bank within the RAB and can be modified as necessary 
during the design process to facilitate seamless integration with the Boeing DSOA sediment 
remedy.  A summary of the removal action alternatives is as follows: 

• Alternative 1: No Action 
• Alternative 2: Slope Excavation and Containment, Variable Dredging Followed by 

Capping/Backfill, Capping without Dredging, and Subtitle D Disposal 
• Alternative 3: Alternative 2 with Dredging in SMU-1A and SMU-1B 
• Alternative 4: Slope Excavation and Containment, Complete Removal of Total PCB 

RvAL Exceedances Followed by Backfill Placement, and Subtitle D Disposal 
 
Detailed descriptions of each alternative are provided in subsections 6.1 through 6.4 and 
evaluated in Section 6.7.  Each of the removal action alternatives were developed based on 
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the results of the total PCB RvAL data screening within each identified SMU (Section 4.2.3) 
and the additional factors considered (Section 4.2.4). 
 
As discussed in Section 1.3, at the time of preparation of this Final EE/CA, Boeing did not yet 
have EPA-approved cleanup alternatives developed for the DSOA, prohibiting the inclusion 
of specific detail regarding the integration of the adjacent Boeing and EMJ/Jorgensen 
remedial alternatives in the transition zone.  This Final EE/CA provides conceptual cross-
sections showing the proposed removal action alternatives proposed by EMJ/Jorgensen and 
the anticipated Boeing remedial alternatives within the DSOA transition zone based on 
Boeing’s recommended corrective measures identified in the Duwamish Sediment Other 
Area and Southwest Bank Interim Measure Alternatives Evaluation (AMEC and Floyd 
Snider, 2010). 
 

6.1 Alternative 1 – No Action 

Alternative 1 would implement no removal actions.  The RAB would remain as is and no 
institutional controls would be implemented.  As discussed previously, this alternative was 
carried forward as a basis for comparison and would not be implemented as it does not meet 
the RAOs. 
 

6.1.1 Description 

Alternative 1 includes conducting no removal actions within the RAB. 
 

6.1.2 Construction Methods 

Alternative 1 includes no construction. 
 

6.1.3 Conservation Measures 

Alternative 1 includes no conservation measures. 
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6.2 Alternative 2 – Slope Excavation and Containment, Variable Dredging 
Followed by Capping/Backfill, Capping without Dredging, and Subtitle D 
Disposal  

Alternative 2 includes the following technologies:  

• Bank excavation and placement of slope containment 
• Dredging followed by placement of capping or backfill material 
• Placement of cap material without dredging 

 
Alternative 2 includes the following specific removal actions:  

• Excavation of the shoreline bank to remove nearshore affected soils/sediment and 
debris (Figures 2-2a and 2-2b) followed by placement of 4 feet of slope containment 
material, bank armoring, and habitat substrate to contain underlying contaminated 
fill, promote slope stability, and enhance habitat in SMU-3, SMU-5, SMU-8, and 
SMU-11 

• Placement of 2 feet of cap material to isolate low level surface and/or subsurface 
sediment total PCB RvAL exceedances in SMU-1A and SMU-1B 

• Removal of 2 feet and placement of 2 feet of overlying clean backfill material to 
remove the full depth of total PCB RvAL exceedances in SMU-7 and SMU-10 

• Removal of 4 feet followed by placement of 4 feet of overlying clean cap or backfill 
material to remove the full depth of currently identified total PCB RvAL exceedances 
in SMU-4A, SMU-6, and SMU-9 

• Variable depth removal in SMU-2 followed by placement of 4 feet of overlying clean 
cap material to remove shallow and isolate deeper depth total PCB RvAL exceedances 
and to account for potential future USACE dredging activities within the 10-foot 
horizontal offset adjacent to the federal navigational channel 

• Removal of 8 feet followed by placement of variable depth overlying clean backfill 
material to remove the full depth of total PCB RvAL exceedances in SMU-4B. 

• Removal of 5 feet followed by placement of 5 feet of overlying clean cap or backfill 
material to remove shallow and isolate deeper depth total PCB RvAL exceedances in  
SMU-4C 
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The Alternative 2 removal actions are shown on Figure 6-1 and in cross sections on Figures 
6-2 through 6-8.  Completion of this alternative would result in the removal of 
approximately 15,900 cubic yards of soils and sediments followed by the placement of 
approximately 12,200 cubic yards of capping and/or backfill material to a minimum depth of 
1.5 feet (equivalent to 1.5-foot vertical point of compliance) over the entire 1.6-acre RAB 
(Table 6-1).  The dredging and cap/backfill placement volumes discussed in the following 
subsections include typical equipment tolerances of 1 foot for removal and 6 inches for 
placement. 
 

6.2.1 Slope Excavation and Containment 

The following subsection provides a description of the slope excavation and containment 
activities proposed in Alternative 2 and the associated construction methods and 
conservation measures.   
 

6.2.1.1 Description 

Alternatives 2, 3, and 4 include identical bank excavation and placement of slope 
containment within SMU-3, SMU-5, SMU-8, and SMU-11 (Figure 6-1).  This portion of the 
shoreline is degraded, containing elevated chemical concentrations above the SMS SQS 
criteria and total PCB RvAL exceedances; highly armored and over steepened (approximately 
1H:1V slope) banks; and, contains derelict creosote-treated piles, remnant overhanging 
asphalt pads, and other types of debris.  These conditions have been identified as a potential 
source of elevated chemicals to the LDW sediments.  Bank excavation and subsequent 
placement of slope containment would remove this potential source of elevated chemical 
concentrations.   
 
The shoreline in SMU-3, SMU-5, SMU-8, and SMU-11 also generally lacks riparian cover 
except along the top of bank (Figures 2-2a, 2-2b, and 2-2c).  Alternative 2 would lead to 
habitat improvements relative to existing conditions. 
 
The proposed bank excavation and placement of slope containment extends from the top of 
the existing bank from approximately +19 feet MLLW to -5 to -8 feet MLLW.  The lower 
elevation range was used for planning purposes in this Final EE/CA and was selected based 
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on tidal variations and the reach length of typical long-reach excavators.  The preferred 
method for these activities will be to attempt to conduct excavation and slope containment 
occurring in this range of elevations during low tides to facilitate doing this work in-the-dry 
from the land side.  
 
Existing derelict, creosote‐treated piles, overhanging asphalt structures, and debris  
(Figures 2-2b and 2-2c) would be removed from the bank prior to excavation and slope 
containment.  Upon excavation to the target depths, inert debris identified along the new 
surface may be allowed to remain in place if doing so would not affect the function of the 
overlying slope containment.  An estimated 400 tons of piles and debris would be removed 
and disposed of off-site at a permitted Subtitle D facility. 
 

6.2.1.1.1 Slope Excavation and Subtitle D Disposal 

The shoreline excavation is proposed to occur over a total distance of approximately 570 
linear feet, extending from the downriver side of the sheetpile wall to approximately the 
Facility/Plant 2 property line.  For the purposes of this Final EE/CA, the design excavation 
would reconfigure the slope to a gentler, more stable 2H:1V slope followed by an additional 
removal 4 feet shoreward of the existing ground surface from the toe of slope upwards 
(Figures 6-3 through 6-7).  The shoreline excavation would result in the removal of 
approximately 6,000 cubic yards of impacted soil/fill and sediment, debris, and other 
encountered material and would create increased intertidal habitat.   
 

6.2.1.1.2 Slope Containment Placement 

Soil borings collected near the top of slope showed the following maximum range of soil PCB 
concentrations with depth:  

• Non-detectable concentrations to 0.20 mg/kg dw at station SB-1 adjacent to SMU-11 
• Non-detectable concentrations to 0.67 mg/kg dw at station SB-2 adjacent to SMU-8 
• Non-detectable concentrations to 17.77 mg/kg dw at station SB-3 adjacent to SMU-5 
• Non-detectable concentrations to 11.33 mg/kg dw at stations SB-4 and SB-5 adjacent 

to SMU-3 (Table 2-7) 
 



 
 
 Identification and Evaluation of Removal Action Alternatives 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility 100 080224-01 

These elevated concentrations indicate that the placed clean fill material following 
excavation may need to contain underlying elevated chemical concentrations.  Based on this 
existing data, the costs associated with each alternative in this Final EE/CA assume the 
material will be designed to function as a containment layer placed from the reconfigured 
top of bank to the toe keyway (Figures 6-3 through 6-6).  The design was assumed to be 
composed of a 2.5-foot “filter” layer (consisting of sandy gravel to gravelly sand) overlain by 
a 1-foot “armor” layer (consisting of riprap or cobble) further overlain by a 0.5-foot layer of 
habitat substrate (anticipated to consist of washed 2-inch minus gravel).  This assumption is 
based on experience at similar sites.   
 
The filter layer will act as the chemical isolation layer, the armor layer will function to 
protect the filter layer from erosion, and the habitat layer will provide a uniform habitat 
substrate within the intertidal areas that functions to fill the interstitial areas of the armor 
layer.  Application of the containment layer would result in the placement of approximately 
2,200 cubic yards of filter layer, 900 cubic yards of armor layer, and approximately 300 cubic 
yards of a habitat layer in approximately 0.38 acres.  The amount and size of armor material 
required will be minimized as much as possible during design to maximize habitat 
considerations while maintaining sufficient erosion protection. 
 
The specific containment layer materials and configuration of the bank excavation would be 
determined during design..  The  layers would be designed in general accordance with 
applicable EPA and USACE capping guidance (EPA 1998) and at a minimum would include 
an evaluation of slope stability, wind-wave analysis, propeller wash scour, isolation 
effectiveness for the identified chemical concentrations in soils below the cap and infiltrating 
groundwater concentrations, erosion during design river discharge events, and seismic 
stability.  For the purposes of this Final EE/CA, the maximum containment layer slopes 
(2H:1V) and materials identified were consistent with regional embankment designs that 
meet modeled and proven seismic stability.  During design, appropriate seismic design 
criteria would be developed, and slopes and/or materials would be modified as necessary to 
ensure seismic stability.   
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6.2.1.2 Construction Methods 

The preferred construction method for bank reconfiguration is land-based excavation and 
placement of slope containment in-the-dry, due to the advantages specified in Section 
5.4.1.1.  As stated in Section 6.2.1.1, existing derelict creosote‐treated piles and debris would 
be removed within the shoreline area prior to excavation and slope containment.  Piles 
would be removed intact, if possible, using either vibratory extraction or dead‐line pull 
methods.  Piles that cannot be removed intact would be cut at or near the mudline.  
Following the excavation, some inert debris embedded in the shoreline beneath the design 
depth may remain in place if it is determined that it would not affect the function of the 
containment.  Removed piles and debris would be disposed at a permitted landfill. 
 
The excavation is expected to be completed with land-based earthmoving equipment (for 
example, excavators, front-end loaders, and dump trucks) to the extent possible based on 
equipment availability and water surface elevations.  The contractor would be allowed at 
least a 1-foot over-excavation allowance to account for equipment tolerances.  Impacted 
material is anticipated to be excavated, temporarily stockpiled at the Facility in an area that 
adequately contains the material, and then transferred into trucks and/or rail cars for 
transport to the selected disposal facility.  A contingency plan will be developed during the 
design process to respond to unanticipated conditions encountered during excavation (for 
example, excessive groundwater seeps, buried debris, and stockpile drainage and 
containment).   
 
No bank or upland soils have been documented with total PCB greater than the TSCA 
landfill trigger concentration (50 mg/kg); therefore, this Final EE/CA assumes that all 
excavated soils and sediments will designated as non-hazardous/non-dangerous and disposed 
at a Subtitle D landfill.  These landfills have the ability to receive soil or wet dredged 
sediment delivered by rail.  Both types of facilities must have also received the required EPA 
approval for acceptance of sediment and soil generated at CERCLA sites.  
 
The slope containment is planned to be completed with the same type of land-based 
equipment used for the excavation.  Containment material is expected to be imported by 
land from the borrow quarry to the RAB with dump trucks or by water on barges.  The 
containment material will then be placed as engineered fill over the impacted soil and 
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sediment.  The containment, armor, and habitat layer materials are anticipated to be placed 
in-the-dry to the based on the water surface elevations during construction.  The contractor 
would be allowed a minimum 0.5-foot overplacement allowance to account for equipment 
tolerances. 
 
If the dredging is conducted concurrently with the Boeing DSOA cleanup, construction in 
SMU-11 will be sequenced to limit excavation residuals and recontamination due to 
construction-related activities in either cleanup area and to ensure the target dredge depths, 
slope connections, and grades match along the toe of riprap cleanup boundary. 
 

6.2.1.3 Conservation Measures  

The bank excavation and slope containment work in Alternative 2 would include the 
following conservation measures: 

• The slope containment, armor, and habitat layer materials would be placed in-the-dry 
to the extent possible, based on the water surface elevations during construction.   

• To ensure proper containment placement, in situ cap materials would be placed in a 
controlled and accurate manner.   

• Bathymetry information would be used in deeper areas to verify adequate coverage 
during and following material placement.   

• Sediment containment materials would be imported material that contains chemical 
concentrations at or below natural background chemical concentrations. 

• Surface booms, oil-absorbent pads, and similar materials would be maintained in 
work areas for use on potential sheens that may occur on the water surface during 
construction.  

• Excavated material that is stockpiled on the Facility would have the appropriate 
sediment and erosion control methods to contain the material and prevent any 
material from re-entering the LDW. 

 

6.2.2 Variable Dredging and Subtitle D Disposal 

The following subsection provides a description of the dredging activities proposed in 
Alternative 2 and the associated construction methods and conservation measures.   
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6.2.2.1 Description 

Alternative 2 includes dredging to variable elevations within SMU-2, SMU-4A, SMU-4B, 
SMU-4C, SMU-6, SMU-7, SMU-9, and SMU-10 to remove surface and subsurface sediments 
showing total PCB RvAL exceedances.  Removal in these SMUs would eliminate exposure to 
the highest risk surface sediments within the RAB 1.5-foot vertical point of compliance, and 
eliminate a significant mass of contaminated sediments at depth below the point of 
compliance.  The removed material would be disposed of at a permitted upland landfill.   
 

The target dredge depth in SMU-2 is identical in Alternatives 2 and 3 and is based upon the 
depth of total PCB RvAL exceedances coupled with USACE requested top-of-cap elevation 
within the 10-foot horizontal offset immediately adjacent to the channel.  The target dredge 
depth in SMU-2 is -21 feet MLLW throughout the 10-foot horizontal offset to allow the 
subsequent 4-foot thick cap material placement to result in a -17 feet MLLW post-
construction elevation.  The target dredge depth within SMU-2 east of the 10-foot horizontal 
offset is 4 feet below mudline.  It was assumed that the resulting dredge slope from the 
bottom dredge elevation would extend to the mudline at a 3H:1V slope given the physical 
characteristics of the sediments.  This dredging would result in the removal of approximately 
2,600 cubic yards from SMU-2. 
 

The target dredge depth in SMU-4B is identical in Alternatives 2, 3, and 4 and is based upon 
the depth of total PCB RvAL exceedances coupled with USACE requested top-of-cap 
elevation within the federal navigation channel.  Each alternative proposes removal to 8 feet 
below mudline to target complete removal of total PCB RvAL exceedances at station SD-322-
S to eliminate the need for cap placement within the federal navigation channel.  Because 
the bottom depth of exceedances within this SMU is currently undefined, Alternatives 2, 3, 
and 4 assumed the bottom depth of exceedances was located at 30 percent greater than the 
currently identified bottom depth of exceedances.  The true bottom depth of RvAL 
exceedances at this station will either be evaluated during the design characterization or 
post-dredge characterization activities and the target dredge depth will be refined, as 
necessary, to ensure complete removal of total PCB RvAL exceedances at station SD-322-S.  
The dredging will result in the removal of approximately 1,000 cubic yards. 
 

Alternative 2 includes dredging to 5 feet below mudline in SMU-4C to remove the full extent 
of total PCB RvAL exceedances identified at station SD-211 and all exceedances except for 
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the bottom 6 to 6.65-foot interval at station AJF-0F.  The dredging will result in the removal 
of approximately 900 cubic yards from 0.08 acres. 
 

Total PCB RvAL exceedances extend to 4 feet below mudline in SMU-4A, SMU-6, and SMU-
9 and 2 feet below mudline in SMU-7 and SMU-10 to remove the full depth of total PCB 
RvAL exceedances (Figure 2-12).  The dredging will result in the removal of approximately 
3,500 cubic yards.   
 

6.2.2.2 Construction Methods  

Dredging is anticipated to be completed using mechanical methods.  As discussed in 
Appendix E, in areas lacking larger debris and softer sediment, a barge-mounted excavator 
equipped with an articulated, enclosed bucket is proposed for use during removal.  In areas 
that contain larger debris (for example, trees, large concrete blocks, intact and broken 
pilings, and molten debris piles) or stiffer sediment, this type of equipment is anticipated to 
be ineffective; therefore,  a heavier bucket with digging capabilities or a conventional wire-
supported clamshell dredge, grapple, or vibratory hammer would be required. The dredge 
cuts in each SMU are expected to extend from the target dredge elevation out to the adjacent 
SMU boundary or federal navigation channel with temporary side slopes of 3H:1V (in-water) 
to 2H:1V (toe of shoreline bank) and daylight at the existing mudline or post-construction 
surface.  The selected contractor would be allowed at least a 1-foot overdredge allowance to 
account for equipment tolerances. 
 

The sediments removed during dredging would be placed on a barge equipped to hold 
dredged material and water and transported to and offloaded at an EPA-approved offloading 
facility.  The contractor would arrange and coordinate the offloading site, which is expected 
to be located on the LDW.  If a suitable offloading, rehandling, and dewatering site cannot be 
found nearby, it is possible that the dredged sediments could be loaded directly into 
containers that could be directly loaded onto truck chasses or railcars.  If a suitable 
offloading, rehandling, and dewatering site is identified, the material on the barge would be 
offloaded and treated to reduce water in the sediment prior to placement into trucks or 
railcars, or the material would be offloaded directly into trucks or railcars for transportation 
to an approved landfill.  If testing reveals that the material is suited for daily cover, such 
beneficial use would be sought at that time.   
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Depending on water content of the sediments and external factors such as weather, an 
additive could be added to the dredged material to absorb excess water.  Alternatively, excess 
water could be released into a municipal sanitary sewer with the approval of the 
municipality and in compliance with applicable permits.   
 

Existing sampling information indicates that all of the dredged material in the RAB would 
have total PCB concentrations less than 50 mg/kg (concentration trigger for TSCA landfill 
disposal).  All dredged material proposed in Alternatives 2, 3, and 4 would be disposed of in a 
permitted RCRA Subtitle D landfill that meets state and federal requirements for properly 
disposing of PCB‐contaminated solids.  Pursuant to the AOC, written notification will be 
provided (prior to any off-site shipment of hazardous substances from the Site to an out-of-
state waste management facility) to the appropriate state environmental official in the 
receiving state and to EPA’s designated project coordinator of such shipment of hazardous 
substances.  The notification of shipments shall not apply to any off-site shipments when the 
total volume of such shipments will not exceed 10 cubic yards. 
 

If the dredging is conducted concurrently with the Boeing DSOA cleanup, construction in 
SMU-8, SMU-9, SMU-10, and SMU-11 will be sequenced to limit dredge residuals and 
recontamination due to construction-related activities in either cleanup area and to ensure 
the target dredge depths, slope connections and grades match along the in-water and toe of 
riprap cleanup boundaries. 
 

6.2.2.3 Conservation Measures 

The sediment dredging work in Alternative 2 would likely include the use of the following 
conservation measures, as detailed further in Appendix E: 

• An accurate model for the vertical extents of total PCB RvAL exceedances  
• A Differential GPS or Real Time Kinematic (RTK) to ensure material removal from 

the proper locations and for correct bucket location positioning during dredging. 
• Barge-mounted articulated fixed-arm dredge where feasible, based on the physical 

characteristics of the encountered materials.  
• Closed dredge buckets in areas containing soft sediments; however, they have been 

found to be ineffective in firmer sediments in the LDW and other regional and 
national cleanup projects.   
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− A standard digging clamshell bucket in areas where a closed bucket is unable to 
effectively remove the encountered materials. 

• Regulation of dredging rates (time period of dredge and placement cycles) when 
water quality monitoring measures concentrations above corrective action triggers or 
when logistics limit placement of a buffer barge as an additional conservation 
measure. 

• Stair-step dredge cuts for steeper slopes to reduce sloughing of sediment. 
• Placement of a clean sand cover (3 to 6 inches) over dredge cuts in each dredging 

subunit (size to be determined during the remedy design process) as soon as practical 
after dredging of the subunit is complete to minimize resuspension and releases 
associated with the dredging. 

• Standard barge loading controls, including no barge overfilling.  The barge would be 
loaded so that enough freeboard remains to allow for safe movement of the barge and 
its material on its planned route. 

• No material would be allowed to leak from the bins or overtop the walls of the barge. 
• Equipment such as fuel hoses, oil drums, and oil or fuel transfer valves and fittings 

would be checked regularly for drips or leaks and shall be maintained to prevent spills 
to the LDW. 

• Spill apron or buffer barge between the dredging area and swing path to the material 
haul barge to capture material that may fall from the bucket during transfer. 

• During transport and handling of sediment, adequate containment measures and 
inspections would be employed to minimize spillage. 

• The dredged material would be transported, offloaded, and disposed in the 
appropriate upland landfill based on the identified chemical concentrations.  No 
material would be allowed to re-enter any waterway at the offloading site. 

 

Consistent with the description provided in the EPA-approved Terminal 117 Engineering 
Evaluation/Cost Analysis (Windward et al. 2010), the use of anchored full-length silt curtains 
as a conservation measure during dredging is not considered practical because of the varying 
river currents and tidal stages in the LDW.  Deploying, maintaining, and working with an 
anchored full-length silt curtain within the intertidal area of RAB would be problematic, and 
the use of an anchored silt curtain in the subtidal portion of the RAB could interfere with 
navigation in the federal navigation channel.  According to an evaluation of resuspension 
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controls for dredging (Bridges et al. 2008), the installation and maintenance of anchored full 
length silt curtains in “moderate- or high-energy areas” can be difficult, and their 
effectiveness is questionable.  These difficulties and limited efficiencies have been 
demonstrated in this region.   
 

Similarly, the use of temporary sheetpile enclosures and coffer dams at the point of dredging 
to minimize dispersion of resuspended sediments caused by dredging is not considered 
practical.  This is because of the long construction duration needed to install these elements, 
the potential for driving existing contamination to deeper depths during installation of these 
elements, water quality impacts during removal of these elements, and the high cost relative 
to the small size of the proposed removal action.  
 

The use of tight environmental controls during dredging (for example, no multiple bites, no 
dragging the bucket, no bottom stockpiling, and the use of shallow depth silt curtains and oil 
containment skirts and booms) to reduce the risk of suspended sediment migration will be 
incorporated into construction documents, such as a CQAP, and established as a requirement 
for the selected contractor. 
 

6.2.3 Capping/Backfill  

The following subsection provides a description of the capping and backfill activities 
proposed in Alternative 2 following dredging activities and the associated construction 
methods and conservation measures.   
 

6.2.3.1 Description 

Following dredging in SMU-2, SMU-4A, SMU-4B, SMU-4C, and SMU-9, a 4-foot engineered 
cap will be placed in each of these SMUs to provide physical and chemical isolation of 
underlying sediments.  Although the 4-foot target dredge depths in SMU-4A and SMU-9 
remove the full depth of currently identified total PCB RvAL exceedances, stations within 
these SMUs contained exceedances in the bottom sampled intervals so it is currently 
unknown if additional exceedances occur below 4 feet.  Alternatives 2 and 3 account for 
these unbounded vertical exceedances by assuming the clean material placed in these SMUs 
following dredging will be designated as cap material and require long-term monitoring.  Per 
USACE’s request (2010), clean cap and backfill material will only be placed to a top elevation 
of -17 feet MLLW within the 10-foot horizontal offset directly adjacent to the federal 
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navigation channel in SMU-2 and SMU-4C, respectively, to account for potential future 
navigational dredging elevations.   
 

Alternative 2 also includes the placement of an engineered cap in SMU-1A and SMU-1B 
(Figure 6-1) in the absence of dredging to provide physical and chemical isolation of 
identified surface and subsurface total PCB RvAL exceedances; no engineered cap placement 
is proposed in these SMUs for Alternative 3 and 4.   
 

The engineered cap placed in the previously mentioned SMUs would be composed of the 
same layers described in Section 6.2.1.1.2.  The specific cap configurations would be 
determined in the design in accordance with EPA and USACE guidance (EPA 1998) and at a 
minimum would include an evaluation of slope stability, wind-wave analysis, propeller wash 
scour, isolation effectiveness for the identified chemical concentrations below the cap, 
erosion during design river discharge events, and seismic stability.  Additional design 
considerations may also be given to armor sizing within the 10-foot horizontal offset in 
SMU-2 to potentially provide an additional level of protection against potential damage by 
future dredging by USACE below -17 feet MLLW.   
 

Alternative 2 will result in the placement of approximately 3,800 cubic yards of filter layer, 
1,900 cubic yards of armor layer, and approximately 700 cubic yards of a habitat layer.  The 
amount of armor material required will be minimized as much as possible during design to 
maximize habitat considerations.   
 

Dredging in SMU-6, SMU-7, and SMU-10 would result in the removal of the full depth of 
bounded total PCB RvAL exceedances; therefore, the 4 feet (SMU-6) and 2 feet (SMU-7 and 
SMU-10) of clean material placed in these areas to return the mudline to existing grade will 
be designated backfill material and require no long-term monitoring.  This backfill material 
will consist material similar in nature to the “filter” layer (consisting of sandy gravel to 
gravelly sand) used in the capping material.  Alternative 2 will result in the placement of 
approximately 2,500 cubic yards of backfill material. 
 

6.2.3.2 Construction Methods  

Due to the mudline elevations within SMU-1A, SMU-1B, SMU-2, SMU-4A, SMU-4B, SMU-
4C, SMU-6, SMU-7, SMU-9, and SMU-10, the capping activities will be staged from the 
water side working at higher tides as needed to provide the required draft for the equipment.  
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Engineered cap and/or backfill materials would be placed mechanically from a barge using a 
clamshell bucket.  The material would be placed with sufficient control to meet the design 
thickness.  The contractor would be allowed at least 6 inches of overplacement allowance to 
account for equipment tolerances.  Following the placement of each layer of the cap or 
design thickness for the backfill material, a bathymetric survey of the area and other 
verification methods would be completed to verify and document that the cap thicknesses 
meets the design specification.  
 

Capping operations within SMU-1A and SMU-1B would need to occur carefully to minimize 
the potential for damage or instability to the abutting sheetpile and concrete panel walls. 
 

If the capping/backfill activities are conducted concurrently with the Boeing DSOA interim 
measure corrective action, construction in SMU-8, SMU-9, SMU-10, and SMU-11 would be 
sequenced to limit recontamination due to construction-related activities in either cleanup 
area and to ensure the target capping depths, slope connections and grades match along the 
in-water and toe of riprap cleanup boundaries. 
 

6.2.3.3 Conservation Measures  

Conservation measures that may be applied to this work are the same as those described for 
slope containment (Section 6.2.1.3), except that capping/backfill work will be conducted 
from the water side.  
 

6.3 Alternative 3 – Alternative 2 with Dredging in SMU-1A and SMU-1B 

Alternative 3 includes the following technologies:  

• Bank excavation and placement of slope containment 
• Dredging followed by placement of capping or backfill material 

 

Alternative 3 is identical to Alternative 2 but includes the following additional dredging: 

• Removal of 1-foot followed by placement of 1-foot of overlying clean backfill 
material to remove all total PCB RvAL exceedances in SMU-1A 

• Removal of 4-feet followed by placement of 4-feet of overlying clean cap or backfill 
material to remove the full depth of currently identified sediment PCB concentrations 
above the total PCB RvAL exceedances in SMU-1B 
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The Alternative 3 removal actions are shown on Figure 6-9 and in cross sections shown on 
Figures 6-10 through 6-16.  Completion of this alternative would result in the removal of 
approximately 16,800 cubic yards of soils and sediments followed by the placement of 
approximately 12,500 cubic yards of capping and/or backfill material to a minimum depth of 
1.5 feet (equivalent to 1.5-foot vertical point of compliance) over the entire 1.6-acre RAB 
(Table 6-1).  The dredging and cap/backfill placement volumes discussed in this section and 
the following subsections include typical equipment tolerances of 1 foot for removal and 6 
inches for placement. 
 

6.3.1 Slope Excavation and Containment 

The following subsection provides a description of the slope excavation and containment 
activities proposed in Alternative 3 and the associated construction methods and 
conservation measures.   
 

6.3.1.1 Description 

Bank excavation and slope containment conducted in Alternative 3 will be identical to 
Alternative 2, as described in Section 6.2.1.1. 
 

6.3.1.2 Construction Methods 

Construction methods for slope excavation and containment in Alternative 3 would be 
identical to Alternative 2, as described in Section 6.2.1.2. 
 

6.3.1.3 Conservation Measures for Bank Reconfiguration and Containment 

Conservation measures for bank reconfiguration and containment in Alternative 3 would be 
identical to Alternative 2, as described in Section 6.2.1.3. 
 

6.3.2 Variable Dredging and Subtitle D Disposal  

6.3.2.1 Description 

Alternative 3 includes dredging in SMU-1A and SMU-1B to remove surface and subsurface 
sediments showing SQS PCB exceedances, in addition to the proposed dredging in SMU-2, 
SMU-4A, SMU-4B, SMU-4C, SMU-6, SMU-7, SMU-9, and SMU-10 identified for 
Alternative 2.  Removal in these SMUs would eliminate exposure to the highest risk surface 
sediments within the RAB 1.5-foot vertical point of compliance, and eliminate a significant 
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mass of contaminated sediments at depth below the point of compliance.  The removed 
material would be disposed of at a permitted RCRA Subtitle D upland landfill.   
 
The target dredge depths within SMU-2, SMU-4A, SMU-4B, SMU-4C, SMU-6, SMU-7, 
SMU-9, and SMU-10 are identical to those identified for Alternative 2 (Section 6.2.2).   
 
The target dredge depths within SMU-1A and SMU-1B are 1 foot below mudline and 4 feet 
below mudline, respectively, to remove the full extent of total PCB RvAL exceedances.  The 
dredging in SMU-1A and SMU-1B would result in the removal of approximately 1,200 cubic 
yards.   
 

6.3.2.2 Construction Methods  

The construction methods for dredging in Alternative 3 would be identical to Alternative 2, 
as described in Section 6.2.2.2, except that dredging within SMU-1A and SMU-1B would 
include an approximately 5-foot offset from the abutted sheetpile and concrete panel walls 
(Figure 6-10).  As discussed in Section 4.2.4.2, there are no available drawings associated with 
the construction of these structures, so it is unclear how deep the supporting piles extend 
below the mudline.  Failure of these walls would result in significant impacts to the uplands 
and directly adjacent building, which is unacceptable.  For the purposes of this Final EE/CA, 
a 5-foot removal offset is included to limit the potential for causing instability to these 
structures during the removal of adjacent sediments. 
 

6.3.2.3 Conservation Measures  

The conservation measures for dredging would be identical to Alternative 2, as described in 
Section 6.2.2.3. 
 

6.3.3 Capping/Backfill  

The following subsection provides a description of the capping and backfill activities 
proposed in Alternative 3 following dredging activities and the associated construction 
methods and conservation measures.   
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6.3.3.1 Description 

The capping and backfill placement in SMU-2, SMU-4A, SMU-4B, SMU-4C, SMU-6, SMU-7, 
SMU-9, and SMU-10 for Alternative 3 is identical to Alternative 2, as described in Section 
6.2.3.1. 
 
Dredging in SMU-1A would result in the removal of the full depth of bounded total PCB 
RvAL exceedances; therefore, the 2 feet of clean material placed in these areas to return the 
mudline to existing grade would be designated backfill material and require no long-term 
monitoring.  This backfill material would consist of material similar in nature to the “filter” 
layer (consisting of sandy gravel to gravelly sand) used in the capping material.  The backfill 
volume in SMU-1A would be approximately 500 cubic yards.     
 
Although the 4-foot target dredge depths in SMU-1B remove the full depth of currently 
identified total PCB RvAL exceedances, station SD-314A-S contained exceedances in the 
bottom sampled intervals; therefore, it is currently unknown if additional exceedances occur 
below 3.3 feet.  Alternative 3 accounts for this unbounded vertical exceedance by assuming 
the clean material placed in this SMU following dredging would be designated as cap 
material and require long-term monitoring.  The cap volume in SMU-1B would include 
approximately 700 cubic yards of filter layer, 300 cubic yards of armor layer, and 
approximately 100 cubic yards of a habitat layer.  The amount of armor material required 
will be minimized as much as possible during design to maximize habitat considerations.   
 
In both SMU-1A and SMU-1B, a minimum of 2 feet of clean backfill material would be 
placed within the 5-foot offset from the sheetpile and concrete panel walls to help maintain 
the stability of the wall post-construction (Figure 6-10). 
 

6.3.3.2 Construction Methods  

The capping and backfill construction methods for Alternative 3 are identical to 
Alternative 2, as described in Section 6.2.3.2. 
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6.3.3.3 Conservation Measures  

The conservation measures for capping and backfill would be identical to Alternative 2, as 
described in Section 6.2.3.3. 
 

6.4 Alternative 4 – Slope Excavation and Containment, Complete Removal of 
Total PCB RvAL Exceedances Followed by Backfill Placement, and Subtitle 
D Disposal 

Alternative 4 includes the following technologies:  

• Bank excavation and placement of slope containment 
• Dredging followed by placement of backfill material 

 
This alternative includes the complete vertical and horizontal removal of all total PCB RvAL 
exceedances within the RAB.  As described previously and shown on Figure 2-12, the 
complete vertical extent of total PCB RvAL exceedances is not currently identified in SMU-
2, SMU-4A, SMU-4B, SMU-4C, and SMU-9 precluding determination of the complete 
removal depth in these SMUs.  In order to support development of the complete removal 
alternative in this Final EE/CA, it was assumed that the removal depth was equal to 30 
percent greater than the deepest depth of total PCB RvAL exceedances in each SMU.  This 
assumption is consistent with the removal depth assumed for complete removal in SMU-4B 
in Alternatives 2 and 3.   
 
For example, the deepest identified depth in SMU-2 is 7.7 feet below mudline, so the 
assumed removal depth in this SMU is 7.7 feet multiplied by 1.3, which equals 10 feet.  The 
use of this complete removal adjustment factor leads to the following revisions from 
Alternative 3: 

• Removal of 10.5 feet followed by placement of variable depth clean overlying backfill 
material in SMU-2 

• Removal of 5.5 feet followed by placement of 5.5 feet of clean overlying backfill 
material in SMU-4A, SMU-6, and SMU-9 

• Removal of 9.5 feet followed by placement of 9.5 feet of overlying clean backfill 
material in SMU-4C 
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The Alternative 4 removal actions are shown on Figure 6-17 and in cross sections on 
Figures 6-18 through 6-24.  Completion of this alternative would result in the removal of 
approximately 21,000 cubic yards of soils and sediments followed by the placement of 
approximately 3,400 cubic yards of shoreline containment material and 12,800 cubic yards of 
backfill material.  Alternative 4 would result in the placement of a minimum depth of 1.5 
feet (equivalent to the 1.5-foot vertical point of compliance) over the entire 1.6-acre RAB 
(Table 6-1).  The dredging and cap/backfill placement volumes include typical equipment 
tolerances of 1 foot for removal and 6 inches for placement. 
 

6.4.1 Slope Excavation and Containment 

The following subsections describe the slope excavation and containment activities and the 
associated construction methods and conservation measures proposed in Alternative 4.   
 

6.4.1.1 Description 

Slope excavation and containment conducted in Alternative 4 would be identical to 
Alternative 2, as described in Section 6.2.1.1. 
 

6.4.1.2 Construction Methods  

The construction methods for slope excavation and containment would be identical to 
Alternative 2, as described in Section 6.2.1.2. 
 

6.4.1.3 Conservation Measures  

The conservation measures for slope excavation and containment would be identical to 
Alternative 2, as described in Section 6.2.1.3. 
 

6.4.2 Complete Removal of Total PCB RvAL Exceedances and Subtitle D 
Disposal 

6.4.2.1 Description 

To support complete removal of the horizontal and vertical extents of total PCB RvAL 
exceedances within the RAB, Alternative 4 includes dredging at the following depths below 
mudline:  
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• SMU-1A:  1 foot  
• SMU-1B, SMU-4A, SMU-9:  5.5 feet  
• SMU-2:  10.5 feet  
• SMU-4B:  8 feet  
• SMU-4C:  9.5 feet 
• SUM-6: 4 feet 
• SMU-7 and SMU-10:  2 feet 

 
The removed material would be disposed of at a permitted RCRA Subtitle D upland landfill.  
The dredging would result in the removal of approximately 15,000 cubic yards. 
 

6.4.2.2 Construction Methods  

The construction methods for dredging would be identical to Alternatives 2 and 3, as 
described in Sections 6.2.2.2 and 6.3.2.2, respectively.  
 

6.4.2.3 Conservation Measures  

The conservation measures for dredging would be identical to Alternative 2 and 3, as 
described in Section 6.2.2.3 and 6.2.3.3, respectively. 
 

6.4.3 Backfill Placement 

The following subsections describe the backfill placement and the associated construction 
methods and conservation measures proposed in Alternative 4.  
 

6.4.3.1 Description 

Dredging in each SMU would result in the removal of the full depth of total PCB RvAL 
exceedances; therefore, the clean material placed in these areas to return the mudline to 
existing grade would be designated backfill material and require no long-term monitoring.  
Backfill material would be placed to bring the elevation back to existing grade in each SMU, 
except SMU-2 and SMU-4B.  In these SMUs, backfill elevations within the 10-foot offset 
from the federal navigation channel would only be brought up to -17 feet MLLW to account 
for potential future dredging by USACE in the federal navigation channel.  The backfill 
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material would consist material similar in nature to the “filter” layer (consisting of sandy 
gravel to gravelly sand) used in the capping material.  The total backfill volume would be 
approximately 12,800 cubic yards.   
 

6.4.3.2 Construction Methods  

The construction methods for backfill placement would be identical to Alternative 2 and 3, 
as described in Section 6.2.3.2 and 6.3.3.2, respectively. 
 

6.4.3.3 Conservation Measures  

The conservation measures for backfill placement would be identical to Alternative 2 and 3, 
as described in Section 6.2.3.3 and 6.3.3.3, respectively. 
 

6.5 Management of Residual Contamination 

The excavation and dredging conducted under Alternatives 2, 3, and 4 have the potential to 
create resuspension and transport of sediments containing elevated chemical concentrations.  
The disturbed, contaminated material that deposits on the exposed or surrounding surfaces is 
referred to as “residuals.”  Residuals can lead to surface sediment concentrations above those 
anticipated based on core characterization data and potentially a new surface that is above 
the RAO target concentrations.  For these reasons, the removal action design needs to 
include measures to attempt to reduce residuals development and include contingency 
measures for identified residuals.   
 
As discussed in Sections 6.2.1.3, 6.2.2.3, and 6.2.3.3, conservation measures would be taken 
during the slope excavation and capping, dredging followed by cap/backfill placement, and 
capping in the absence of dredging to minimize the generation and distribution of residuals.  
Additionally, for all excavated and dredged SMUs, the exposed surface sediments would be 
covered with a minimum 1.5-foot thick clean layer of material following the removal to 
effectively isolate any generated residuals and return the post-construction mudline to the 
existing grade.   
 
Capping in the absence of dredging (Alternative 2 only) generally involves minimal 
disturbance to existing bottom sediments (depending on the size of materials and methods of 
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placement), which minimizes the potential for residual generation and the need for potential 
residual management contingency actions.   
 

6.6 Institutional Controls 

Institutional controls would be required under Alternatives 2, 3, and 4 to reduce the 
potential for disturbance to the engineered cap located within the RAB outside the Facility 
property limits.  Institutional controls would be employed as an additional measure to ensure 
the long‐term protectiveness and integrity of the capping remedy, and would need to be 
maintained to exist in perpetuity.  The institutional controls would serve to: 

• Prevent any uncontrolled excavation or construction that may compromise the cap 
integrity 

• Prevent any current or future land uses that could compromise the cap integrity 
• Require notification of the State and EPA prior to any development or redevelopment 

of the RAB to ensure that the agencies concur that the development has been 
designed to avoid damage to the cap integrity 

− If the cap must be disturbed as part of the activity, the notification would be 
required to include specific plans for appropriate management of the construction 
and restoration of the cap, as necessary.  In those cases, the specific plans would 
need to be approved by EPA prior to initiation of the activity. 

• Ensure that the documented land use restrictions will run with the land 
 
Under Alternatives 2, 3, and 4, land use within the RAB would primarily be recreational 
navigation, sport fishing, and Tribal fishing.  The cap would be designed to withstand small-
vessel anchorage, fishing, or clamming activities associated with these potential uses.  In 
addition, the institutional controls would be developed consistent with Tribal treaty fishing 
rights.  Commercial navigation would occur directly west of the channelward extents of the 
RAB and future navigational dredging may extend some distance into the channelward 
SMUs.  Industrial land use would continue on adjacent upland parcels.  The institutional 
controls identified in the following subsections account for these land uses. 
 
The details of institutional control elements for Alternatives 2, 3, and 4 would be fully 
developed during design.  The controls would be anticipated to include enforceable 
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proprietary controls (for example, restrictive covenants and LDW use restrictions) and less-
effective informational notifications (for example, state registry).  These controls are 
described in the following subsections. 
 

6.6.1 Proprietary Controls  

Proprietary controls include restrictions on the uses of capped area(s), limited by what is 
allowed due to the unique status of portions of the LDW as property formerly under the 
jurisdiction of the King County Commercial Waterway District No. 1.  Restrictive covenants 
would be written as “environmental covenants,” consistent with Washington’s Uniform 
Environmental Covenants Act (UECA).  UECA allows EPA and Ecology to enforce the 
restrictions in an environmental covenant and specifies that environmental covenants are 
fully enforceable against all subsequent property owners.  As an owner of a portion of the 
RAB, the Port would need to provide a covenant for portions of the RAB that are capped.   
To the extent possible, environmental covenants would limit disturbance of the capping 
areas under Alternatives 2, 3, and 4.  Actions such as construction projects that could disturb 
the capping areas would require agency approval, management plans for controls, and 
restoration of the capping areas or complete removal of the contaminated materials.  
Environmental covenants or other agreements would also require agency notification of any 
pending sale of rights to the property or any use of the property that might affect the capping 
areas.  They would also provide for agency access.  These UECA covenants would be 
recorded and would serve as notice to prospective purchasers or interest holders. 
 

6.6.2 Informational Notifications 

U.S. Coast Guard (USCG) regulations allow the USCG to establish regulated navigation areas 
(RNAs) through rulemaking (33 CFR 165).  A RNA for any capped portions of the RAB could 
be established along with or in addition to other RNAs that may be established for other 
portions of the LDW where capping remedies are employed as a component of LDW site 
remediation.  Establishment of a RNA through USCG rulemaking allows the USCG to 
enforce use restrictions, such as prohibitions on vessel anchoring, spudding, dredging, laying 
cable, or otherwise disturbing sediment caps in the specified areas. 
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6.6.3 Additional Controls 

In addition to the previously-mentioned institutional controls, seafood consumption 
advisories issued by WSDOH are likely to be maintained and potentially expanded as an 
institutional control for the entire LDW, including the EAA-4 removal action.  Consumption 
advisories would not be necessary for the EAA-4 removal action alone, because clean 
material will be used as capping material or as backfill following dredging, and the seafood 
consumption advisories apply to many organisms that range over a much larger area.  In 
addition, other sources, such as Ecology’s Hazardous Sites List, can provide additional 
information regarding restrictions on property use. 
 

6.7 Evaluation of Alternatives  

This section provides an evaluation of Alternatives 1, 2, 3, and 4.  Consistent with EPA 
(1993) guidance, the evaluation is based on effectiveness, implementability, and cost with 
regard to the following specific criteria: 

• Effectiveness 

− Overall protection of human health and the environment 
− Achievement of removal action objectives 
− Compliance with ARARs 
− Reduction of toxicity, mobility, or volume through treatment 
− Short‐term effectiveness 
− Long‐term effectiveness and permanence 

• Implementability 

− Technical feasibility 
− Availability 
− Administrative feasibility 

• Cost 

− Capital cost 
− Present worth of long‐term monitoring and maintenance 
− Total present‐worth cost 
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6.7.1 Alternative 1 

The following subsections provide an initial evaluation the effectiveness, implementability, 
and cost of Alternative 1. 
 

6.7.1.1 Effectiveness 

Alternative 1 would not be effective in removing and containing sediments with PCBs and 
other COCs  exceeding the RAO target cleanup levels within the RAB because no action 
would be taken.   
 

6.7.1.2 Implementability 

Alternative 1 would not implement any removal actions.  The RAB would remain as-is and 
no institutional controls would be implemented.  As discussed previously, this alternative 
was carried forward as a basis for comparison. 
 

6.7.1.3 Cost 

There is no associated cost with Alternative 1 because no action would be taken.  The RAB 
would remain as is.  No institutional controls would be implemented and no long-term 
monitoring would occur.   
 

6.7.2 Alternative 2 

The following subsections provide an initial evaluation of the effectiveness, 
implementability, and cost of Alternative 2. 
 

6.7.2.1 Effectiveness 

Alternative 2 would be effective in removing and containing sediments with PCBs and other 
COCs within the RAB.  Both removal and capping are proven technologies that have been 
successfully implemented in similar CERCLA sediment cleanup actions, both regionally and 
nationally.  Alternative 2 satisfies the RAOs through the placement of a minimum 1.5 feet of 
clean material throughout the RAB, which: 

• Achieves the total PCB RvAL and future identified target media cleanup levels 
throughout the 1.5-foot vertical point of compliance  
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• Provides effective long‐term containment of concentrations exceeding the total PCB 
RvAL 

 
By meeting the total PCB RvAL, Alternative 2 would be protective of human health and the 
environment.  Land use restrictions, long‐term monitoring, and periodic reviews would 
ensure long-term protection of human health and the environment.   
 
Alternative 2 could be implemented in compliance with all ARARs (Table 4-1).  The removal 
action would result in the removal of approximately 15,900 cubic yards of soils and 
sediments containing elevated concentrations of PCBs and other COCs, as well as creosote-
treated piles and debris from the shoreline bank.  The removed materials would be disposed 
in a permitted RCRA Subtitle D upland landfill.  Remaining impacted material would be 
reliably contained by capping.  Alternative 2 does not include treatment to reduce the 
toxicity, mobility, or volume of contaminants.   
 
Alternative 2 can be implemented in one construction season, and the RAOs would be 
achieved upon completion of construction.  The necessary institutional controls could be 
fully implemented within approximately 1 year of construction completion.  Engineering 
controls, BMPs, and other measures to ensure compliance with ARARs would control 
short‐term risks during implementation.  Under Alternative 2, dredging would occur 
throughout the RAB, creating a greater potential for dredging residuals.  Confirmation 
sampling and contingency actions could be employed as needed to address residuals.   
 
Alternative 2 includes containment capping for reliable long‐term physical and chemical 
isolation of contaminated sediments.  The PCB concentrations under both scenarios can be 
effectively capped, and a sufficient armor layer can be design to protect the cap from erosion 
and damage for perpetuity.  Caps would be designed for long‐term function, and long‐term 
performance would be verified through monitoring and periodic reviews.  Land use 
restrictions would also contribute to the long‐term integrity of the caps by minimizing the 
potential for future uncontrolled activities that could adversely impact the integrity of the 
cap. 
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6.7.2.2 Implementability 

Based on the proven success of similar EPA Region 10 removal and capping projects, 
Alternative 2 can be reliably implemented using commonly available upland and marine 
construction equipment and materials.  The shoreline bank excavation would be sequenced 
to take advantage of low tidal elevation periods to allow the work to be conducted in-the-
dry.  This would allow greater control of the work and further limit potential releases to the 
water column.  The remainder of the work would be completed using floating equipment 
and conventional marine construction methods, working at higher tides as needed to provide 
the required draft for the barges.  Removed materials can readily be trucked or barged off site 
and imported material brought on site with conventional trucking or barge equipment.   
 
Most of the work for Alternative 2 would be completed on land owned or controlled by the 
Port.  Coordination with the Port would therefore be required to determine the need for 
easements or rights-of-way to conduct the cleanup and potential impediments to imposing 
land use restrictions to provide long-term protection of the capped area. 
 

6.7.2.3 Cost 

The estimated removal action cost (2011 dollars) for Alternative 2 is $6.45 million, as detailed 
in Table 6‐2.  The assumptions for each of the line item costs are provided in the footnotes in 
Table 6-2.  The total estimated costs include present‐value operations and maintenance 
(O&M) costs estimated for 30 years.  Over the 30‐year period, O&M costs assume eight 
monitoring events.  As requested in the EPA comments on the Second Draft EE/CA 
(EPA 2010b), the O&M costs also assume a single cap maintenance event at 100 percent of 
the total in-water capping costs that would occur in Year 10 following construction 
completion.  This additional O&M cost is conservative give the design would be sufficient 
such that typical events (for example, propwash scour, anchor dragging, and modeled 
discharge within the LDW/Green Rivers within the 100-year return period) would not lead 
to damage of the cap. 
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6.7.3  Alternatives 3 and 4 

The following subsections provide an initial evaluation of the effectiveness, 
implementability, and cost of Alternative 3 and 4 given the cleanup actions are similar except 
for the extent of proposed removal. 
 

6.7.3.1 Effectiveness 

Alternatives 3 and 4 would be marginally more effective than Alternative 2, as described in 
Section 6.7.2.1.  Section 7 provides a detailed comparison of the alternatives with respect to 
effectiveness. 
 

6.7.3.2 Implementability 

Alternatives 3 and 4 would be similarly implementable as Alternative 2, as described in 
Section 6.7.2.2.  The removal action would result in the removal of approximately 16,800 
(Alternative 3) and 21,000 (Alternative 4) cubic yards of soils and sediments containing 
elevated concentrations of PCBs and other COCs, as well as creosote-treated piles and debris 
from the shoreline bank.  Section 7 provides a detailed comparison of the Alternatives with 
respect to implementability. 
 

6.7.3.3 Cost 

The estimated removal action costs (2011 dollars) for Alternative 3 and Alternative 4 are 
$6.59 million and $7.09 million, as detailed in Table 6‐3 and Table 6-4, respectively.  The 
assumptions for each of the line item costs are provided in the footnotes in Table 6-3 and 6-4.   
 
The assumptions for Alternative 3 are identical to those used in Alternative 2.  The 
assumptions used to develop the Alternative 4 costs are identical to those used in 
Alternatives 2 and 3, except for the use of a construction contingency that is 40 percent of 
the direct construction costs (30 percent used for Alternative 2 and 3) and no costs for  
long-term O&M.  The additional 10 percent construction contingency accounts for a greater 
degree of design and construction unknowns associated with the complete removal of total 
PCB RvAL exceedances.   
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As described in Section 1.3.3, long-term O&M will not be required to monitor the 
performance of Alternative 4 because the vertical extent of total PCB RvAL exceedances will 
be addressed and the entire area will be backfilled with 1 to 10.5 feet of clean material.  
However, EPA has indicated that limited long-term assessment of the final post-construction 
surface concentrations within the RAB may be required as part of the larger LDW RI/FS 
process to assess changes in surface sediment chemical concentrations over a 10-year period.  
No long-term assessments for Alternative 4, beyond those possible activities previously 
described, are included in Table 6-4.  
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7 COMPARATIVE ANALYSIS OF REMOVAL ACTION ALTERNATIVES  

The following sections analyze the alternatives based on EPA’s Guidance on Conducting 
Non-Time-Critical Removal Actions Under CERCLA (1993).  The analysis is based on 
effectiveness, implementability, and cost with regard to the specific criteria identified in 
Section 6.7 and summarized in the following sections.  Section 7.4 summarizes the analysis 
and includes a relative ranking of the alternatives for each criterion. 
 

7.1 Effectiveness 

The following subsections assess the effectiveness of Alternative 1, 2, 3, and 4 through 
evaluation of the following elements:  

• Overall protection of human health and the environment 
• Achievement of RAOs 
• Compliance with ARARs 
• Reduction of toxicity, mobility, or volume through treatment 
• Short-term effectiveness 
• Long-term effectiveness and permanence 

 

7.1.1 Overall Protection of Human Health and the Environment 

Alternative 1 would not provide any protection of human health and the environment over 
existing conditions. 
 
Alternatives 2, 3, and 4 would reduce risks to human health and the environment over the 
long term by removing soil and sediment containing elevated COC concentrations and by 
containing remaining soil and sediment with concentrations exceeding the total PCB RvAL 
with engineered caps.  Alternative 4 would remove all sediments containing concentrations 
greater than the total PCB RvAL (and all other co-located chemicals containing exceedances 
of the SQS criteria), Alternative 3 would remove less volume at depth below mudline, and 
Alternative 2 would remove even less volume at depth and on the surface.  Alternatives 2, 3, 
and 4, however, would each result in the placement of cap and/or backfill material 
placement throughout the RAB to a minimum depth of 1.5 feet (equivalent to the vertical 
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point of compliance) in order to remove exposure pathways to humans, aquatic species, and 
wildlife. 
 
Alternatives 2, 3, and 4 include the placement of engineered caps, which prohibits future 
unlimited use and unrestricted exposure in these areas.  Each alternative would include 
monitoring and periodic reviews to verify long‐term protection of human health and the 
environment.  Additionally, both alternatives would include the implementation of 
institutional controls to minimize the potential for future uncontrolled activities that could 
disturb the integrity of caps and to notify the public and state and federal agencies about the 
presence of the capped areas and need to maintain these areas undisturbed over time. 
 
The following is a preliminary evaluation of the green remediation factors (Section 5) for 
Alternatives 2, 3, and 4, which will be analyzed in detail during the design process: 

3. Employ 100 percent use of renewable energy, and energy conservation and efficiency 
approaches including EnergyStar equipment:  Each alternative ranks equally. 

4. Use cleaner fuels, diesel emissions controls and retrofits, and emission reduction 
strategies:   Alternative 2 ranks higher than Alternative 3, which ranks higher than 
Alternative 4, because of the increased dredging activities and associated green house 
gas emissions with transport and disposal of the removed materials. 

5. Incorporate sustainable site design:  Each alternative ranks equally. 
6. Utilize reused or recycled industrial materials within regulatory requirements:  Each 

alternative ranks equally. 
7. Require recycling or reuse of materials generated at or removed from the site:  Each 

alternative ranks equally. 
8. Use environmentally preferable purchasing:  Each alternative ranks equally. 
9. Support greenhouse gas emission reduction technologies:  Alternative 2 ranks higher 

than Alternative 3, which ranks higher than Alternative 4, because of the increased 
dredging activities and associated green house gas emissions with transport and 
disposal of the removed materials. 

10. Use practices that promote the reduction of the use of paper by moving to electronic 
transmittal of project documents and implementation of waste reduction and 
recycling programs at the work site:  Each alternative ranks equally. 
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7.1.2 Achievement of RAOs 

Alternative 1 would not achieve the RAOs because no action would be taken.   
 
Alternatives 2, 3, and 4 would satisfy the RAOs by the placement of a minimum of 1.5-feet of 
clean cap and/or backfill material throughout the RAB.  This placement will result in 
post‐construction soil and sediment concentrations throughout the 1.5-foot vertical point of 
compliance below the current total PCB RvAL and future identified human health and 
ecological health target media cleanup criteria.  Areas designated as engineered caps in these 
alternatives will provide effective long-term containment of remaining material with 
concentrations above the total PCB RvAL.  Additionally, Alternatives 2, 3, and 4 would be 
compatible with potential long‐term remedial actions to be conducted within the LDW 
Superfund Site. 
 

7.1.3 Compliance with ARARs 

A comprehensive list of all ARARs, as provided by EPA in comments on the Draft EE/CA 
(EPA 2010a), is provided in Table 4-1.  
 
Alternative 1 would not comply with all applicable ARARs, as many of them would not 
apply to this alterative since there is no action or activity that would trigger the ARARs.   
 
Alternatives 2, 3, and 4 would satisfy the substantive requirements of all ARARs to the 
greatest extent practicable and none of these alternatives would require waivers of any 
ARARs.  The following subsections describe compliance with selected ARARs, including 
SMS, CWA, and ESA, in detail. 
 

7.1.3.1 Washington State Sediment Management Standards 

SMS include numeric chemical standards for sediment quality (WAC 173‐204‐320), 
including the primary COC for this removal action: PCBs.   
 
Alternative 1 would not comply with SMS since current surface sediment concentrations 
exceed the SQS and CSL.   
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Alternatives 2, 3, and 4 would lead to a minimum of 1.5 feet of clean cap and/or backfill 
material throughout the RAB.  This will result in post‐construction surface soil and sediment 
concentrations throughout the 1.5-foot vertical point of compliance below the SQS criteria 
for all COCs, resulting in compliance with the SMS.  The post-construction surface sediment 
concentrations will also comply with SMS anti-degradation requirements of WAC 
173‐204‐120.   
 

7.1.3.2 Sections 401 and 404 of the Federal Clean Water Act 

The removal action triggers the substantive requirements of the CWA Section 401 for water 
quality certification and Section 404 for dredging and filling materials in waters of the 
United States.   
 
Section 401 requires that a water quality certification be issued by the responsible 
government agency to document that the cleanup actions will not violate applicable water 
quality standards.  EPA will make a determination regarding the ability of the project to 
meet state water quality criteria based on review of the removal action design.  EPA will 
prepare a CWA Section 401 Water Quality Certification, which will specify allowable 
in‐water work periods, water quality monitoring requirements and compliance criteria, and 
operational response actions should any exceedances of water quality criteria occur.   
 
Since no action is taken under Alternative 1, Section 401 of the CWA would not apply.  All 
in‐water work conducted during Alternatives 2, 3, and 4 would be conducted and monitored 
in accordance with EPA’s 401 certification.  Each of these alternatives can equally maintain 
compliance with the 401 certification requirements.   
 
EPA will complete a Section 404(b)(1) evaluation for the selected removal alternative to 
determine whether the in‐water cleanup work will comply with the requirements of the 
Section 404 program.  Appendix B provides an initial preliminary draft Section 404(b)(1) 
evaluation of the removal action alternatives.  Specifically, the 404(b)(1) guidelines (at 40 
CFR 230) consider the following: 

• Potential impacts on physical and chemical characteristics 
• Potential impacts on biological characteristics of the aquatic ecosystem 
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• Potential impacts to special aquatic sites (including mudflats and vegetated shallows) 
• Potential effects on human use characteristics 
• Evaluation and testing of dredge and fill materials 
• Actions to minimize adverse effects 

 
Alternatives 2, 3, and 4 rank favorably under the 404(b)(1) guidelines because: 

• The slope excavation and dredging would create a small net gain in total aquatic 
habitat and intertidal and subtidal habitat areas. 

• A habitat substrate (anticipated to consist of washed 2-inch minus gravel) would be 
added throughout a large portion of the RAB as part of the cap layer. 

• The post-construction surface sediment quality would be improved to comply with 
the SMS criteria. 

 
Alternative 3 ranks slightly more favorably than Alternative 2 under the 404(b)(1) guidelines 
because the additional capping proposed by Alternative 2 would require the placement of 
additional armor within the RAB to protect the cap.  Alternative 4 ranks the highest because 
this alternative would include the complete removal of all total PCB RvAL exceedances, so 
no capping armor material would be necessary for the in-water SMUs. 
 
It is important to note that, under all alternatives, sediment transport and deposition 
(Section 2.3.4) will likely lead to low level accumulations of fine‐grained sediments within 
the RAB over time.  This deposition will affect the post-construction sediment quality and 
substrate over time in the RAB and, in turn, affect the types and abundance of sediment 
dwelling organisms within the RAB.  Based on documented sediment transport within this 
reach of the LDW, review of historical dredging records, and land use in the RAB, no 
dredging will be required to remove any minimal accumulations of sediment that are 
deposited.   
 
In summary, Alternatives 2, 3, and 4 are expected to comply with all of the CWA Section 401 
and 404 requirements.  Section 404 of the CWA does not apply to Alternative 1 because no 
actions will be taken. 
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7.1.3.3 Endangered Species Act  

ESA requirements are applicable to the removal action.  Section 7 of the ESA requires that 
federal agencies consider the effect of proposed actions on federally threatened or 
endangered species.  Table 2-1 identifies several federally threatened and/or endangered 
wildlife and fish species that may be present in the RAB vicinity.   
 
EPA will consult with NMFS and USFWS about the potential effects of the removal action 
activities on these species and the potential ways to minimize those effects.  To facilitate this 
consultation, a preliminary draft BA (Appendix A) is provided as part of this Final EE/CA 
removal design process to assess the potential effects of removal activities and ways to 
minimize adverse effects.  The BA will be finalized following EPA approval of the removal 
action alternative.  Following review of the Final BA, NMFS and USFWS will issue a 
biological opinion as to whether the activity as proposed would jeopardize the existence of 
the listed species.  If so, the agencies may suggest conservation measures that, if followed, 
would reduce adverse project effects below the “jeopardy” threshold and allow the activity to 
proceed.  If a “no jeopardy” opinion is issued, the activity may be conducted as planned.  
 
Alternatives 2, 3, and 4 would be beneficial to threatened Puget Sound Chinook salmon and 
Coastal/Puget Sound bull trout by greatly reducing the species’ potential exposure to COCs.  
Each alternative would result in no net loss of aquatic habitat acreage.  Each alternative 
would result in some minor conversions between the following elevation habitat ranges: 

• Subtidal (deeper than -10 feet MLLW):  Per USACE’s request (2010), cap and backfill 
material placed in SMU-2 and SMU-4B, respectively, will only be placed back to -17 
feet MLLW rather than the existing mudline elevation. 

• Shallow subtidal (-10 to -4 feet MLLW), lower intertidal (-4 to +4 feet MLLW), and 
upper intertidal (+4 to +12 feet MLLW):  The slope excavation and placement of 4 feet 
of cap material will layback the slope and create new aquatic habitat   

 
Since no action is taken under Alternative 1, Section 7 of the ESA would not apply.   
 
There are only minor differences in elevation changes between the various habitat elevation 
ranges for Alternatives 2, 3, and 4.  Alternative 2 includes placement of an engineered cap 
without dredging which leads to low level conversion of sublittoral and shallow subtitle 
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habitats to lower intertidal and upper intertidal.  Alternatives 3 and 4 involve dredging 
followed by placement of cap/backfill material to grade leading to very minor elevation 
changes within the various habitat elevation ranges. 
 
In summary, Alternative 2 leads to minor relative increase in lower intertidal and upper 
intertidal habitat relative to Alternatives 3 and 4.  It is anticipated, however, that each of the 
alternatives could be implemented in compliance with ESA requirements and none of them 
are expected to jeopardize the continued existence of threatened and/or endangered species.   
 

7.1.4 Reduction of Toxicity, Mobility, or Volume through Treatment 

None of the alternatives involves treatment.  The reduction of toxicity, mobility, or volume 
through treatment is not considered practicable for the removal action because of substantial 
limitations regarding effectiveness, implementability, and cost, as discussed in Section 5.5 
and 5.6. 
 

7.1.5 Short-term Effectiveness 

It is anticipated that Alternatives 2, 3, and 4 can be implemented in one construction season 
on approximately the same timeline and that the RAOs would be achieved upon completion 
of construction.  Necessary institutional controls could be fully implemented within 
approximately 1 year of construction completion for both alternatives.  None of the 
alternatives poses significant short‐term risks to the community during implementation.   
 
Alternative 4 would lead to approximately 5,100 cubic yards of additional removal over 
Alternative 2 (32 percent) and 4,200 cubic yards of additional removal over Alternative 3 (25 
percent), which would lead to increased truck traffic through the neighborhoods to facilitate 
off-site disposal and associated increased carbon emissions.  Alternative 4 would also require 
approximately 3,500 cubic yards more cap/backfill material than Alternative 2 (30 percent) 
and approximately 3,200 cubic yards more cap/backfill material than Alternative 3 
(26 percent), though these materials (with the possible exception of the slope containment 
materials) would likely be brought to the RAB via barge.  Risks to workers during 
implementation would be managed through standard engineering and safety controls, and no 
alternative presents relatively more risk than the other. 
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Short‐term risks to the environment during implementation would be limited through 
conservation measures, engineering controls, and other measures to ensure compliance with 
ARARs.  The design for the EPA-approved removal action alternative would specify 
requirements for environmental protection during excavation, dredging, and capping 
activities.  The additional removal volume proposed in Alternative 4 would lead to increased 
potential for releases during construction and residuals relative to Alternatives 2 and 3.  
Releases of PCB to the water column and hence to fish tissues would be greater for 
Alternative 4 than Alternative 3, which would be greater than Alternative 2.  The potential 
for releases during each alternative would be minimize through completion of the slope 
excavation in-the-dry to the extent feasible and placement of clean material throughout the 
RAB following the excavation and dredging activities.  Each alternative would have similar 
construction durations so the potential duration for water quality impacts is similar.   
 
The identical bank excavation and slope containment in Alternatives 2, 3, and 4 would 
include conservation measures to limit potential releases of bank materials into the water 
column during construction.  To this end, to the extent feasible bank excavations would 
proceed from the top of the bank downward would occur when the tides are out, and 
containment material would be placed soon after excavation. 
 
Alternatives 2, 3, and 4 include identical actions adjacent to the federal navigation channel 
and accommodate dredging requests by USACE (2010). 
 
In summary, short-term effectiveness is not an applicable criterion for Alternative 1.  
Alternative 2 ranks slightly higher than Alternative 3, which ranks slightly higher than 
Alternative 4, due to the increase in dredging volumes for these alternatives and the 
associated potential for short-term releases and increases transportation of removed materials 
through the community.   
 

7.1.6 Long-term Effectiveness and Permanence 

Because Alternative 1 provides no removal action, it provides no long-term effectiveness or 
permanence.   
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Alternatives 2 and 3 rely on containment through capping for reliable long‐term physical 
and chemical isolation of sediments and shoreline bank soils that would remain in place 
within portions of the RAB.  There is no capping proposed under Alternative 4.  Caps would 
be designed to remain stable and provide long‐term containment in accordance with 
EPA/USACE guidance (EPA 1998).  The caps would designed to result in the placement of at 
least 1.5 feet of clean material to be protective of future identified target cleanup goals 
throughout the 1.5-foot vertical point of compliance.  Caps would also be designed to 
protective of the erosive forces associated with the anticipated discharge of the LDW and 
Green River within the 100-year return period and for long‐term seismic stability.  The long-
term isolation effectiveness of the cap will be verified through long-term monitoring at a 
frequency of no less than every 5 years.  Land use restrictions would also contribute to the 
long‐term integrity of the caps by reliably minimizing the potential for future uncontrolled 
activities that could disturb the caps. 
 
The PCB concentrations identified throughout the RAB can be effectively capped and 
remain stable for the long-term as shown by similar cleanup projects conducted in this 
region and nationwide.  Alternative 2 includes more capping than Alternative 3; this means 
the potential for the release of material under Alternative 2 presents a greater, albeit very 
low probability, risk than Alternative 3.  Alternative 4 ranks the highest because it includes 
the complete removal of all total PCB RvAL exceedances, making long-term containment 
unnecessary.   
 
Alternatives 2, 3, and 4 would accommodate future maintenance dredging within the federal 
navigation channel and 10-foot horizontal offset and integrate with the proposed adjacent 
Boeing DSOA remedy to same extent.   
 

7.2 Implementability 

7.2.1 Sequencing and Technical Feasibility 

Sequencing of the work would be critical for successful implementation of any cleanup 
alternative.  Alternatives 2, 3, and 4 would be sequenced to limit the potential for sediment 
transport and recontamination of areas outside the RAB or areas that have already been 
cleaned up.  Additionally, they will be sequenced as necessary to integrate with the Boeing 
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DSOA remedy and the future anticipated Boeing 15-inch and 24-inch property storm pipe 
cleanup to minimize the potential for recontamination from the adjacent cleanup activities.  
No alternative offers advantages over the others with regards to sequencing. 
 
It is anticipated that the implementation of Alternatives 2, 3, and 4 would likely be based on 
the following general sequencing: 

• Shoreline bank excavation in SMU-3, SMU-5, and SMU-8 (in-the-dry, to the extent 
practicable) 

• Dredging within the applicable SMUs 
• Placement of selected containment material on slopes of SMU-3, SMU-5, and SMU-8 

(in-the-dry, to the extent practicable) 
• Placement of cap material within the in-water SMUs (only applicable to 

Alternatives 2 and 3) 
• Placement of backfill material within the in-water SMUs (applicable to 

Alternatives 2, 3, and 4) 
 
Bank excavation and the placement of containment material would be scheduled to 
maximize work windows during low tide conditions to accomplish work in‐the‐dry to the 
extent possible.  Based on daily tidal fluctuations, it is not considered feasible to accomplish 
all of the bank reconfiguration in-the-dry.  The remainder of the dredging and the slope 
containment  placement work would be completed using floating equipment and 
conventional marine construction methods, working at higher tides as needed to provide the 
required draft for the barges.   
 
Sequencing will be further addressed during design, including development of provisions to 
protect and monitor sediment quality in completed areas of the RAB from the impacts of 
subsequent work in Boeing DSOA, Boeing 15-inch and 24-inch property line storm pipes, 
and/or other nearby concurrent cleanup projects. 
 

7.2.2 Availability 

The removal action alternatives can reliably be implemented using commonly available 
upland and marine construction equipment and materials.  Dredged or excavated materials 
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would be either loaded onto trucks on site or loaded onto conventional barges.  The barge 
material would be offloaded at a regional offloading facility to either rail cars or trucks.  
Imported material can be purchased from local borrow pits and transported to the RAB with 
conventional trucking or barge equipment.  Numerous local contractors are experienced in 
this type of work.  The volume of contaminated sediments that would be shipped out of the 
RAB for RCRA Subtitle D upland landfill disposal is not anticipated to impact the capacity of 
the transfer or disposal facilities. 
 

7.2.3 Administrative Feasibility 

Alternative 1 provides no removal action; therefore, it is not administratively feasible.   
 
For Alternatives 2, 3, and 4, in-water activities would be conducted on Port property.  For 
this reason, EMJ and Jorgensen Forge would need to coordinate, as necessary, with the Port 
to gain right-of-entry for the construction and long-term monitoring and to implement 
land‐use restrictions for long‐term protection of any capped areas.  Institutional controls that 
would limit any uncontrolled disturbance of capped areas would be developed as part of the 
design process.  The institutional controls for all action alternatives are considered 
administratively feasible and similar. 
 

7.3 Cost 

The estimated cost for Alternative 1 is $0, because this alternative provides no action.  
Alternative 2 is $6,450,000 (Table 6-2), Alternative 3 is $6,590,000 (Table 6-3), and 
Alternative 4 is $7,090,000 (Table 6-4). 
 

7.4 Scoring and Ranking of Alternatives 

Table 7-1 presents a summary of the comparative analysis.  This analysis is summarized in 
the following subsection, and Alternatives 1, 2, 3, and 4 are ranked relative to the evaluation 
criteria. 
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7.4.1 Effectiveness 

The effectiveness evaluation considers overall protection of human health and the 
environment; achievement of RAOs; compliance with ARARs; reduction of toxicity, 
mobility, or volume through treatment; short‐term effectiveness; and long‐term effectiveness 
and permanence.  Alternatives 2, 3, and 4 showed similar ranking for each of these 
effectiveness evaluation elements except the following: 

• Compliance with ARARs – Section 404(b)(1):  Alternative 4 ranks the highest because 
this alternative includes the complete removal of all total PCB RvAL exceedances, 
eliminating the need for placement of capping armor material in the RAB.  
Alternatives 3 ranks slightly higher than Alternative 2 because the additional capping 
proposed by Alternative 2 will require the placement of additional armor material.   

• Compliance with ARARs – ESA:  Alternative 2 ranks slightly higher than Alternative 
3 and 4 due to the minor relative increase in lower intertidal and upper intertidal 
habitat (capping in absence of dredging leads to net increase in mudline elevations) 
associated with capping in SMU-1A and SMU-1B. 

• Short-term Effectiveness: Alternative 2 ranks slightly higher than Alternative 3, 
which ranks slightly higher than Alternative 4, due to the increase in dredging 
volumes for these alternatives and the associated potential for short-term releases and 
increases in transportation of removed materials through the community.   

• Long-term Effectiveness and Permanence:  Alternative 4 ranks the highest because it 
includes the complete removal of all total PCB RvAL exceedances eliminating the 
need for long-term monitoring and maintenance of engineered caps.  Alternative 3 
ranks slightly higher than Alternative 2 because it includes less capping and the 
associated cap monitoring and maintenance.   

 
Based on these findings, Alternative 3 provides the best balance for providing short- and 
long-term effectiveness and permanence.  This alternative removes all identified total PCB 
RvAL and co-located SMS SQS exceedances within the 1.5-foot vertical point of compliance 
and nearly all identified subsurface sediments containing exceedances of the total PCB RvAL 
exceedances, and achieving the RAOs with minimal designated cap areas. 
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7.4.2 Implementability 

The implementability evaluation considers the technical and administrative feasibility of 
implementation, as well as the availability of materials, equipment, and services.  
Alternative 1 is technically implementable but is not administratively feasible.  Alternatives 
2, 3, and 4 can reliably be implemented to the same extent. 
 

7.4.3 Cost 

The cost evaluation considers capital costs, long-term O&M costs, and total present worth 
costs (based on 2011 Year 0 with 5 percent net discount rate).  Alternative 2 is $140,000 less 
expensive than Alternative 3 and $640,000 less expensive than Alternative 4.  Alternative 3 is 
approximately $500,000 less expensive than Alternative 4.   
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8 RECOMMENDED REMOVAL ACTION ALTERNATIVE 

This section presents the recommended removal action alternative for the RAB based on the 
evaluation of the removal action alternatives presented in Section 7.  The analysis presented 
in Section 7 shows that three of the removal action alternatives—Alternatives 2, 3, and 4—
are each effective and meet project RAOs and ARARS.  The recommended removal action 
alternative is Alternative 4 because it represents the most practical and cost‐effective balance 
of removal and containment while ensuring long‐term effectiveness, increasing habitat 
quality, and minimizing potential long‐term O&M requirements.  Alternative 4 provides the 
following key advantages:  

• Alternatives 2 and 3 have lower short-term risk (this risk reduction would be 
marginal due to the implementation of conservation measures and engineering 
controls discussed in Sections 6.2, 6.3, and 6.4) and is less costly than Alternative 4 
due to the lower removal volume.  Alternative 4 was chosen over Alternatives 2 and 
3, however, because of the substantial reduction in long-term risk for Alternative 4 
due to: 

− Removal of a greater volume of PCB-impacted sediments, resulting in lower risk 
associated with sediments left in place 

− Elimination of surface area requiring an engineered cap, lowering the long-term 
monitoring and maintenance needs (for example, to prevent cap erosion) of the 
final remedy 

− Reduction in surface area requiring institutional controls to prevent the 
disturbance of an engineered cap 

• Alternative 4 has the additional advantage of providing higher habitat quality due to 
the placement of less armor stone relative to Alternatives 2 and 3. 

 
Although the sediments containing total PCB RvAL exceedances left in place under 
Alternative 3 can be effectively contained through capping, EMJ and Jorgensen Forge have 
determined that the removal of the complete horizontal and vertical extents of total PCB 
RvAL exceedances within the RAB is the recommended removal action alternative. 
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8.1 Removal Action Timeline and Sequencing 

The implementation of the EE/CA removal action will be dependent on a variety of factors.  
It is anticipated that EPA will submit the Final EE/CA to the public for review and comment.  
EPA will review the public comments received and subsequently select the removal action 
alterative in an Action Memorandum.  Receipt of this Action Memorandum is anticipated in 
early 2011.  EPA will then issue EMJ with an Administrative Order, preferably on consent, 
for implementation of the selected removal action.  Following finalization of the 
Administrative Order, design evaluations may be conducted by EMJ/Jorgensen Forge to 
facilitate refinement of the design for the selected alternative.  The construction documents 
will then be developed and submitted within 1 year of issuance of the Action Memorandum. 
 
Concurrent with the design development timeline, the following documents will also be 
prepared: 

• A Draft and Final BA to support compliance with the substantive requirements of the 
ESA 

− Formal consultation with NMFS will be completed to facilitate issuance of the 
biological opinion 

• A Draft and Final 404 Evaluation to demonstrate compliance with the substantive 
requirements of Section 404(b) (1) of the CWA 

− Coordination with EPA and NMFS will be conducted to integrate agency 
comments 

 
In accordance with the MOU (EMJ et al. 2007), Boeing, EMJ, and Jorgensen Forge will 
continue to coordinate as necessary to ensure the designs for both the RAB and DSOA 
provide seamless integration along the in-water and toe of riprap cleanup boundaries.  
Specifically, this coordination will include: 

• Evaluation of target dredge and excavation depths on either side of the in-water and 
toe of rip rap cleanup boundaries to ensure the required removal elevations, slope 
connections and post-construction grades specified in the design documents are 
achieved at the cleanup boundaries   
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• Preparation of a comprehensive and coordinated schedule that will be included in 
their respective alternative analyses, cleanup design, and construction documents 

• Planning construction sequencing to limit dredge residuals and the potential for 
recontamination due to construction-related activities in either cleanup area  

• Coordination of the contract terms and bid schedule for each remedy, including 
payment structure, construction sequencing requirements, compliance with permit 
conditions, approach to residuals management, and implementation of confirmation 
sampling requirements 

 

8.2 Construction and Post-construction Assessment 

Construction assessment details will be finalized during design and detailed in design 
deliverables.  
 
As stated in Section 1.3.3, EPA may require the collection and analysis of z-layer sediment 
samples as an element of the selected removal action alternative.  EPA acknowledged that 
the removal activities may result in a thin layer of sediments with residual total PCB 
concentrations of PCBs deposited on the final post-dredge surface.  Therefore, the results of 
any post-dredge  sampling and analysis would not trigger any further remedial actions unless 
the area weighted concentrations in the RAB are significantly greater than the total PCB 
RvAL (for example, area weighted averages greater than 20 times the RvAL or 240 
milligrams per kilogram normalized for organic carbon [mg/kg OC]).  In this situation, 
further evaluation would be required, and if EPA determines that long-term monitoring is 
necessary for the selected removal action alternative (see Section 1.3.3), these data would be 
used to document that the surface backfill concentrations in this area(s) are protective of 
human health and the environment based on the surface weighted average concentrations in 
the RAB.  Any post-dredge z-layer evaluations will be defined in design documents (for 
example, a CQAP). 
 
Upland source control evaluations are currently being finalized under an Agreed Order with 
Ecology and the implementation of any necessary source controls will be in-place prior to 
implementation of the selected removal action alternative.  An ongoing demonstration that 
the Facility is not a significant source to the adjacent sediments is anticipated.  
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Long-term monitoring will not be required to monitor the performance of the recommended 
removal action alternative (Alternative 4 in Section 6.4) because the vertical extent of total 
PCB RvAL exceedances will be addressed and the entire area backfilled with 1 to 10.5 feet of 
clean material.  However, EPA has indicated that limited long-term assessment of the final 
post-construction surface concentrations within the RAB may be required as part of the 
larger LDW RI/FS process to assess changes in surface sediment chemical concentrations 
over a 10-year period.  Based on the LDW conceptual site model, chemical concentrations in 
sediments deposited on the surface of the RAB are expected to increase over time from 
essentially non-detectable concentrations as the newly deposited surface layer reaches 
equilibrium with chemical concentrations in suspended material originating outside the 
RAB.  Given this expectation, any assessment of the newly deposited surface sediments will 
not trigger any additional response action by EMJ and Jorgensen Forge (with a 
demonstration that the Facility is not a source of elevated chemical concentrations to surface 
sediments). 
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Common Name Scientific Name Status

Chinook salmon Oncorhynchus tshawytscha Federal threatened species, state candidate species
Coho salmon Oncorhynchus kisutch Federal candidate species
Puget Sound steelhead Oncorhynchus mykiss Federal threatened species
River lamprey Lampetra ayresi Federal species of concern, state candidate species
Bull trout Salvelinus confluentes Federal threatened species, state candidate species
Eulachon (Pacific Smelt) Thaleichthys pacificus Federal threatened species, state candidate species
Pacific herring Clupea herengus pallasi Federal candidate species, state candidate species
Pacific cod Gadus macrocephalus Federal species of concern, state candidate species
Walleye pollock Theragra chalcogrammus Federal candidate species, state candidate species
Bocaccio Rockfish Sebastes paucispinis Federal endangered species, state candidate species
Canary Rockfish Sebastes pinniger Federal threatened species, state candidate species
Yelloweye Rockfish Sebastes ruberrimus Federal threatened species, state candidate species
Rockfish species, other Sebastes spp. Washington State candidate species
Bald eagle Haliaeetus leucocephalus Washington State species of concern
Peregrine falcon Falco peregrinus Federal species of concern, Washington State sensitive species
Merlin Falco columbarius Washington State candidate species
Common murre Uria aalge Washington State candidate species
Common loon Gavia immer Washington State sensitive species
Western grebe Aechmophorus occidentalis Washington State candidate species

Notes:
The Puget Sound southern resident Orca distinct population segment is listed on both the federal and Washington State endangered 
species lists. Orca do not use the Lower Duwamish Waterway (LDW) but are occasionally present in Elliott Bay and may be exposed to 
chemicals from the LDW through the consumption of prey (such as chum salmon) that spend part of their time in the LDW.

Sources:  Washington Department of Fish and Wildlife (WDFW), 2009.  WDFW Department of Wildlife Management Species of 
Concern Lists. Accessed June 2010 at: http://wdfw.wa.gov/wildlife/management/endangered.html 
NOAA Fisheries. ESA Office of Protected Species. Accessed June 2010 at: http://www.nmfs.noaa.gov/pr/laws/esa/ 
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Chemical SQS CSL/MCUL

Arsenic 57 93
Cadmium 5.1 6.7
Chromium 260 270
Copper 390 390
Lead 450 530
Mercury 0.41 0.59
Silver 6.1 6.1
Zinc 410 960

Total PCB 12 65

Total LPAH 370 780
Naphthalene 99 170
Acenaphthylene 66 66
Acenaphthene 16 57
Fluorene 23 79
Phenanthrene 100 480
Anthracene 220 1200
2-Methylnaphthalene 38 64
Total HPAH 960 5300
Fluoranthene 160 1200
Pyrene 1000 1400
Benzo(a)anthracene 110 270
Chrysene 110 460
Total Benzofluoranthenes 230 450
Benzo(a)pyrene 99 210
Indeno(1,2,3-cd)pyrene 34 88
Dibenzo(a,h)anthracene 12 33
Benzo(g,h,i)perylene 31 78

1,2-Dichlorobenzene 2.3 2.3
1,4-Dichlorobenzene 3.1 9
1,2,4-Trichlorobenzene 0.81 1.8
Hexachlorobenzene 0.38 2.3

Dimethylphthalate 53 53
Diethylphthalate 61 110
Di-n-butylphthalate 220 1700
Butylbenzylphthalate 4.9 64
bis(2-Ethylhexyl)phthalate 47 78
Di-n-octylphthalate 58 4500

Aromatic Hydrocarbons (mg/kg-OC dw)

PCB Aroclors (mg/kg-OC dw)

Metals (mg/kg dw)

Phthalate Esters (mg/kg-OC dw)

Chlorinated Benzenes (mg/kg-OC dw)



Table 2-2
Washington State Sediment Management Standards

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

Chemical SQS CSL/MCUL
  
Dibenzofuran 15 58
Hexachlorobutadiene 3.9 6.2
n-Nitroso-di-phenylamine 11 11

Phenol 420 1200
2-Methylphenol 63 63
4-Methylphenol 670 670
2,4-Dimethylphenol 29 29
Pentachlorophenol 360 690
Benzyl alcohol 57 73
Benzoic acid 650 650

Notes:

µg/kg micrograms per kilogram 

OC organic carbon

mg/kg milligrams per kilogram

dw dry weight

SQS Sediment Quality Standard

CSL Cleanup Screening Level

MCUL Minimum Cleanup Level

Totals are calculated by including zero for non-detected values, unless all totaled results are not 
detected, where the maximum non-detected value is used.

Ionizable Organic Compounds (µg/kg dw)

Miscellaneous (mg/kg-OC dw)

Total benzofluoranthenes       sum of b,j,k isomers; j isomer co-elutes and is quantified with 
                                                      the b or k isomer

Total LPAH       sum of naphthalene, acenaphthylene, fluorene, phenanthrene, and anthracene

Total HPAH      sum of fluoranthene, pyrene, benzo(a)anthracene, chrysene, total 
                          benzofluoranthenes, benzo(a)pyrene, indeno(1,2,3-cd)pyrene,
                          dibenzo(a,h)anthracene, and benzo(g,h,i)perylene

Total PCB         sum of Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260
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Number of 
Samples Target Unit

SMS SQS 
Criteria

Count of Detected 
Samples Exceeding 

SQS
SMS CSL 
Criteria

Count of 
Detected Samples 

Exceeding CSL

Arsenic 39 mg/kg 57 0 93 0
Cadmium 65 mg/kg 5.1 1 6.7 1
Chromium 65 mg/kg 260 5 270 5
Copper 65 mg/kg 390 1 390 1
Lead 65 mg/kg 450 6 530 6
Mercury 65 mg/kg 0.41 0 0.59 0
Silver 65 mg/kg 6.1 0 6.1 0
Zinc 65 mg/kg 410 11 960 5
1,2,4-Trichlorobenzene 19 mg/kg-OC 0.81 0 1.8 0
1,2-Dichlorobenzene 19 mg/kg-OC 2.3 0 2.3 0
1,4-Dichlorobenzene 19 mg/kg-OC 3.1 0 9 0
2-Methylnaphthalene 19 mg/kg-OC 38 0 64 0
Acenaphthene 19 mg/kg-OC 16 0 57 0
Acenaphthylene 19 mg/kg-OC 66 0 66 0
Anthracene 19 mg/kg-OC 220 0 1200 0
Benzo(a)anthracene 19 mg/kg-OC 110 0 270 0
Benzo(a)pyrene 19 mg/kg-OC 99 0 210 0
Benzo(g,h,i)perylene 19 mg/kg-OC 31 0 78 0
Bis(2-ethylhexyl) phthalate 19 mg/kg-OC 47 1 78 0
Butylbenzyl phthalate 19 mg/kg-OC 4.9 1 64 0
Chrysene 19 mg/kg-OC 110 0 460 0
Dibenzo(a,h)anthracene 19 mg/kg-OC 12 0 33 0
Dibenzofuran 19 mg/kg-OC 15 2 58 0
Diethyl phthalate 19 mg/kg-OC 61 0 110 0
Dimethyl phthalate 19 mg/kg-OC 53 0 53 0
Di-n-butyl phthalate 19 mg/kg-OC 220 0 1700 0
Di-n-octyl phthalate 19 mg/kg-OC 58 0 4500 0
Fluoranthene 19 mg/kg-OC 160 0 1200 0
Fluorene 19 mg/kg-OC 23 2 79 0
Hexachlorobenzene 19 mg/kg-OC 0.38 0 2.3 0
Hexachlorobutadiene 19 mg/kg-OC 3.9 0 6.2 0
Indeno(1,2,3-c,d)pyrene 19 mg/kg-OC 34 0 88 0
Naphthalene 19 mg/kg-OC 99 0 170 0
N-Nitrosodiphenylamine 19 mg/kg-OC 11 0 11 0
Phenanthrene 19 mg/kg-OC 100 2 480 0
Pyrene 19 mg/kg-OC 1000 0 1400 0
Total PCB Aroclors (U = 0) 76 mg/kg-OC 12 51 65 14
Total SMS Benzofluoranthenes (U = 0) 19 mg/kg-OC 230 0 450 0
Total SMS HPAH (U = 0) 19 mg/kg-OC 960 0 5300 0
Total SMS LPAH (U = 0) 19 mg/kg-OC 370 0 780 0
2,4-Dimethylphenol 20 µg/kg 29 0 29 0
2-Methylphenol (o-Cresol) 20 µg/kg 63 0 63 0
4-Methylphenol (p-Cresol) 20 µg/kg 670 0 670 0
Benzoic acid 20 µg/kg 650 0 650 0
Benzyl alcohol 20 µg/kg 57 0 73 0
Pentachlorophenol 20 µg/kg 360 0 690 0
Phenol 20 µg/kg 420 7 1200 0

Chemical Name
Surface (start depth = 0)
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Number of 
Samples Target Unit

SMS SQS 
Criteria

Count of Detected 
Samples Exceeding 

SQS
SMS CSL 
Criteria

Count of 
Detected Samples 

Exceeding CSLChemical Name
    

Arsenic 53 mg/kg 57 2 93 0
Cadmium 66 mg/kg 5.1 0 6.7 0
Chromium 66 mg/kg 260 0 270 0
Copper 66 mg/kg 390 0 390 0
Lead 66 mg/kg 450 2 530 0
Mercury 53 mg/kg 0.41 0 0.59 0
Silver 66 mg/kg 6.1 0 6.1 0
Zinc 66 mg/kg 410 2 960 0
1,2,4-Trichlorobenzene 1 mg/kg-OC 0.81 0 1.8 0
1,2-Dichlorobenzene 1 mg/kg-OC 2.3 0 2.3 0
1,4-Dichlorobenzene 1 mg/kg-OC 3.1 0 9 0
2-Methylnaphthalene 1 mg/kg-OC 38 0 64 0
Acenaphthene 1 mg/kg-OC 16 0 57 0
Acenaphthylene 1 mg/kg-OC 66 0 66 0
Anthracene 1 mg/kg-OC 220 0 1200 0
Benzo(a)anthracene 1 mg/kg-OC 110 0 270 0
Benzo(a)pyrene 1 mg/kg-OC 99 0 210 0
Benzo(g,h,i)perylene 1 mg/kg-OC 31 0 78 0
Bis(2-ethylhexyl) phthalate 1 mg/kg-OC 47 0 78 0
Butylbenzyl phthalate 1 mg/kg-OC 4.9 0 64 0
Chrysene 1 mg/kg-OC 110 0 460 0
Dibenzo(a,h)anthracene 1 mg/kg-OC 12 0 33 0
Dibenzofuran 1 mg/kg-OC 15 0 58 0
Diethyl phthalate 1 mg/kg-OC 61 0 110 0
Dimethyl phthalate 1 mg/kg-OC 53 0 53 0
Di-n-butyl phthalate 1 mg/kg-OC 220 0 1700 0
Di-n-octyl phthalate 1 mg/kg-OC 58 0 4500 0
Fluoranthene 1 mg/kg-OC 160 0 1200 0
Fluorene 1 mg/kg-OC 23 0 79 0
Hexachlorobenzene 1 mg/kg-OC 0.38 0 2.3 0
Hexachlorobutadiene 1 mg/kg-OC 3.9 0 6.2 0
Indeno(1,2,3-c,d)pyrene 1 mg/kg-OC 34 0 88 0
Naphthalene 1 mg/kg-OC 99 0 170 0
N-Nitrosodiphenylamine 1 mg/kg-OC 11 0 11 0
Phenanthrene 1 mg/kg-OC 100 0 480 0
Pyrene 1 mg/kg-OC 1000 0 1400 0
Total PCB Aroclors (U = 0) 115 mg/kg-OC 12 56 65 21
Total SMS Benzofluoranthenes (U = 0) 1 mg/kg-OC 230 0 450 0
Total SMS HPAH (U = 0) 1 mg/kg-OC 960 0 5300 0
Total SMS LPAH (U = 0) 1 mg/kg-OC 370 0 780 0
2,4-Dimethylphenol 1 µg/kg 29 0 29 0
2-Methylphenol (o-Cresol) 1 µg/kg 63 0 63 0
4-Methylphenol (p-Cresol) 1 µg/kg 670 0 670 0
Benzoic acid 1 µg/kg 650 0 650 0
Benzyl alcohol 1 µg/kg 57 0 73 0
Pentachlorophenol 1 µg/kg 360 0 690 0
Phenol 1 µg/kg 420 0 1200 0

SMS  Sediment Management Standards mg milligrams µg micrograms
SQS Sediment Quality Standards kg kilograms
CSL Cleanup Screening Levels OC 

Notes:

Subsurface (start depth >0)

organic carbon
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AJF-01 AJF-01SD N 0 7 cm 7.6 2.23 2110 94.6188 12 65 130 1000 7.88 1.46 -- --
AJF-02 AJF-02SD N 0 3 cm 4.2 1.47 18400 1251.7007 12 65 130 1000 104.31 19.26 -- --
AJF-03 AJF-03SD N 0 7 cm 12 2.62 905 34.5419 12 65 130 1000 2.88 0.53 -- --
AJF-04 AJF-04SD N 0 2 cm 10.1 1.71 518 30.2924 12 65 130 1000 2.52 0.47 -- --
AJF-05 AJF-05SD N 0 2 cm 14.9 2.11 934 44.2654 12 65 130 1000 3.69 0.68 -- --
AJF-06 AJF-06SD N 0 5 cm 10.6 1.82 8710 478.5715 12 65 130 1000 39.88 7.36 -- --
AJF-07 AJF-07SD N 0 12 cm 77 1.3 323 24.8461 12 65 130 1000 2.07 0.38 -- --
AJF-08 AJF-08SD N 0 5 cm 5.2 1.41 2590 183.688 12 65 130 1000 15.31 2.83 -- --
AJF-09 AJF-09SD N 0 10 cm 25.8 2.4 4250 177.0833 12 65 130 1000 14.76 2.72 -- --
AJF-09 AJF-59SD FD 0 10 cm 21.1 2.44 4980 204.0984 12 65 130 1000 17.01 3.14 -- --
AJF-10 AJF-10SD N 0 9 cm 6.6 1.24 287 23.1451 12 65 130 1000 1.93 0.36 -- --
AJF-11 AJF-11SD N 0 11 cm 56.6 1.16 267 23.0172 12 65 130 1000 1.92 0.35 -- --
AJF-12 AJF-12SD-A N 0 1 ft 90.8 2.42 10000 413.2232 12 65 130 1000 34.44 6.36 -- --
AJF-13 AJF-13SD-A N 0 1 ft 55.5 1.08 250 23.1481 12 65 130 1000 1.93 0.36 -- --
AJF-14 AJF-14SD-A N 0 1 ft 44.7 2.42 540 22.3141 12 65 130 1000 1.86 0.34 -- --
AJF-15 AJF-15SD-A N 0 1 ft 89.4 2.37 415 17.5105 12 65 130 1000 1.46 0.27 -- --
AJF-16 AJF-16SD-A N 0 1 ft 85.1 2.21 7.91 0.3579 12 65 130 1000 0.03 0.01 -- --
DR184 SD-DR184-0000 N 0 10 cm -- -- 139 -- 12 65 130 1000 -- -- -- --
EST150 EST11-02 N 0 10 cm 96.61 1.88 -- -- 12 65 130 1000 -- -- -- --
SD-205 SD-205-0000-PL2 N 0 1 ft 78.5 J 2.25 117 5.2001 12 65 130 1000 0.43 0.08 -- --

SD-205D SD-205D-0000-PL2 FD 0 1 ft 80.5 J 2.82 83 2.9433 12 65 130 1000 0.25 0.05 -- --
SD-206-S SD-206-0000 N 0 10 cm 87.5 J 2.34 280 11.9658 12 65 130 1000 1.00 0.18 -- --
SD-207-S SD-207-0000 N 0 10 cm 87.3 J 2.11 145.6 6.9005 12 65 130 1000 0.58 0.11 -- --
SD-208-S SD-208-0000 N 0 10 cm 76 J 1.46 340.7 23.3356 12 65 130 1000 1.94 0.36 -- --
SD-209-S SD-209-0000 N 0 10 cm 88.5 J 2.71 57.5 2.1218 12 65 130 1000 0.18 0.03 -- --
SD-210-S SD-210-0000 N 0 10 cm 89.4 J 2.65 J 130 4.9057 12 65 130 1000 0.41 0.08 -- --
SD-211-S SD-211-0000 N 0 10 cm 70.2 J 2.16 610 28.2407 12 65 130 1000 2.35 0.43 -- --
SD-212-S SD-212-0000 N 0 10 cm 84.2 J 2.33 48.9 2.0987 12 65 130 1000 0.17 0.03 -- --
SD-213-S SD-213-0000 N 0 10 cm 89.4 J 2.17 610 28.1106 12 65 130 1000 2.34 0.43 -- --
SD-214-S SD-214-0000 N 0 10 cm 83.7 J 2.78 8.7 0.313 12 65 130 1000 0.03 0.00 -- --
SD-215-S SD-215-0000 N 0 10 cm 78.9 J 1.64 880 53.6586 12 65 130 1000 4.47 0.83 -- --
SD-216-S SD-216-0000 N 0 10 cm 81.1 J 2.02 360 17.8218 12 65 130 1000 1.49 0.27 -- --
SD-217-S SD-217-0000 N 0 10 cm 55.7 J 1.84 292.7 15.9076 12 65 130 1000 1.33 0.24 -- --
SD-309-S SD-309-0000 N 0 10 cm 70.9 2.21 570 25.7919 12 65 130 1000 2.15 0.40 -- --
SD-310-S SD-310-0000 N 0 10 cm 73.9 1.98 560 28.2828 12 65 130 1000 2.36 0.44 -- --
SD-311-S SD-311-0000 N 0 10 cm 68 1.84 3300 179.3478 12 65 130 1000 14.95 2.76 -- --
SD-312-S SD-312-0000 N 0 10 cm 68 2.58 1200 46.5116 12 65 130 1000 3.88 0.72 -- --
SD-313-S SD-313-0000 N 0 10 cm 51.8 2.22 1150 51.8018 12 65 130 1000 4.32 0.80 -- --
SD-314-S SD-314-0000 N 0 10 cm 49.3 1.66 670 40.3614 12 65 130 1000 3.36 0.62 -- --
SD-314-S SD-325-0000 N 0 10 cm -- 1.73 850 49.133 12 65 130 1000 4.09 0.76 -- --
SD-315-S SD-315-0000 N 0 10 cm 47.4 1.57 260 16.5605 12 65 130 1000 1.38 0.25 -- --
SD-316-S SD-316-0000 N 0 10 cm 73.2 2.25 940 41.7778 12 65 130 1000 3.48 0.64 -- --

Surface

SQS 
Exceedance 

Factor

CSL 
Exceedance 

Factor

LAET 
Exceedance 

Factor

2LAET 
Exceedance 

Factor
Target Unit

SMS SQS SMS CSL LAET 2LAET
Total PCB 

Aroclors (U = 0)
Total Organic 

Carbon

Percent Percent µg/kg mg/kg-OC

Chemical Name
Total Fines 

(Silt and Clay)
Total PCB 

Aroclors (U = 0)
Depth 
UnitLocation Sample

Sample 
Type

Start 
Depth End Depth
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SD-317-S SD-317-0000 N 0 10 cm 83.9 2.58 800 31.0078 12 65 130 1000 2.58 0.48 -- --
SD-318-S SD-318-0000 N 0 10 cm 88 2.05 930 45.3658 12 65 130 1000 3.78 0.70 -- --
SD-319-S SD-319-0000 N 0 10 cm 70.2 1.74 3100 178.1609 12 65 130 1000 14.85 2.74 -- --
SD-320-S SD-320-0000 N 0 10 cm 76.1 1.62 8864 547.1605 12 65 130 1000 45.60 8.42 -- --
SD-322-S SD-322-0000 N 0 10 cm 79.8 2.02 9400 465.3466 12 65 130 1000 38.78 7.16 -- --
SD-333-S SD-431-0000 FD 0 10 cm 56.2 2.24 303.4 13.5446 12 65 130 1000 1.13 0.21 -- --
SD-338-S SD-432-0000 FD 0 10 cm -- 1.92 800 41.6667 12 65 130 1000 3.47 0.64 -- --
SD-321-S SD-321-0000 N 0 10 cm 77.7 2.25 510 22.6666 12 65 130 1000 1.89 0.35 -- --
SD-321-S SD-321-0001 N 1 2 ft -- 1.69 751.5 44.4675 12 65 130 1000 3.71 0.68 -- --
SD-321-S SD-321-0002 N 2 3 ft -- 1.96 358.4 18.2857 12 65 130 1000 1.52 0.28 -- --
SD-321-S SD-321-0003 N 3 3.8 ft -- -- 292 -- 12 65 130 1000 -- -- -- --
SD-321-S SD-324-0000 FD 0 10 cm 78.3 2.23 630 28.2511 12 65 130 1000 2.35 0.43 -- --
SD-323-S SD-323-0000 N 0 10 cm 41.3 2.49 284.7 11.4338 12 65 130 1000 0.95 0.18 -- --
SD-323-S SD-323-0001 N 1 2 ft -- 1.65 -- -- 12 65 130 1000 -- -- -- --
SD-323-S SD-323-0002 N 2 3 ft -- 2.21 4 0.181 12 65 130 1000 0.02 0.00 -- --
SD-323-S SD-323-0003 N 3 4 ft -- 1.31 1.2 0.0916 12 65 130 1000 0.01 0.00 -- --
SD-323-S SD-326-0001 FD 1 2 ft -- 1.58 971.3 61.4747 12 65 130 1000 5.12 0.95 -- --

SD-SWY06 SWY06-0000 N 0 10 cm -- 3.4 6700 197.0589 12 65 130 1000 -- -- 51.54 6.70
SD-SWY07 SWY07-0000 N 0 10 cm -- 2.5 318 12.72 12 65 130 1000 1.06 0.20 -- --
SD-SWY14 SD-SWY14 N 0 1 ft 12.9 5.5 34000 618.1818 12 65 130 1000 -- -- 261.54 34.00
SD-SWY15 SD-SWY15 N 0 1 ft 4.6 1 230 23 12 65 130 1000 1.92 0.35 -- --
SD-SWY16 SD-SWY16 N 0 1 ft 4.3 3.2 1400 43.75 12 65 130 1000 -- -- 10.77 1.40
SD-SWY17 SD-SWY17 N 0 1 ft 4.9 3.1 920 29.6774 12 65 130 1000 -- -- 7.08 0.92
SD-SWY19 SD-SWY19 N 0 1 ft 4.3 2.9 3300 113.7931 12 65 130 1000 9.48 1.75 -- --



Table 2-4
Surface and Subsurface Sediment PCB Concentrations and Exceedances within the Remedial Action Boundary

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 3 of 5

March 2011
080224-01

mg/kg-OC mg/kg-OC µg/kg µg/kg

SQS 
Exceedance 

Factor

CSL 
Exceedance 

Factor

LAET 
Exceedance 

Factor

2LAET 
Exceedance 

Factor
Target Unit

SMS SQS SMS CSL LAET 2LAET
Total PCB 

Aroclors (U = 0)
Total Organic 

Carbon

Percent Percent µg/kg mg/kg-OC

Chemical Name
Total Fines 

(Silt and Clay)
Total PCB 

Aroclors (U = 0)
Depth 
UnitLocation Sample

Sample 
Type

Start 
Depth End Depth

AJF-07 AJF-07SD-B N 1 2 ft 79.1 1.31 87.5 6.6794 12 65 130 1000 0.56 0.10 -- --
AJF-07 AJF-07SD-C N 2 3 ft 88.1 1.87 272 14.5455 12 65 130 1000 1.21 0.22 -- --
AJF-07 AJF-07SD-D N 3 4 ft 91.2 2.44 595 24.3853 12 65 130 1000 2.03 0.38 -- --
AJF-07 AJF-07SD-E N 4 5 ft 78.9 1.89 17.1 0.9048 12 65 130 1000 0.08 0.01 -- --
AJF-07 AJF-07SD-F N 5 6 ft 89.7 0.818 24.3 2.9707 12 65 130 1000 0.25 0.05 -- --
AJF-07 AJF-07SD-G N 6 6.65 ft 78.1 1.92 1040 54.1667 12 65 130 1000 4.51 0.83 -- --
AJF-12 AJF-12SD-B N 1 2 ft 87.7 1.7 1670 98.2353 12 65 130 1000 8.19 1.51 -- --
AJF-12 AJF-12SD-C N 2 3 ft 33.7 1.32 1800 136.3636 12 65 130 1000 11.36 2.10 -- --
AJF-12 AJF-12SD-D N 3 4 ft 23.3 0.831 413 49.6992 12 65 130 1000 4.14 0.76 -- --
AJF-12 AJF-12SD-E N 4 5 ft 25.7 1.06 16 1.5094 12 65 130 1000 0.13 0.02 -- --
AJF-13 AJF-13SD-D N 3 4 ft 27.3 0.461 J 8.28 1.7961 12 65 130 1000 -- -- 0.06 0.01
AJF-14 AJF-14SD-B N 1 2 ft 9.8 1.28 1090 85.1563 12 65 130 1000 7.10 1.31 -- --
AJF-14 AJF-14SD-C N 2 3 ft 25 1.1 2268 206.1819 12 65 130 1000 17.18 3.17 -- --
AJF-15 AJF-15SD-B N 1 2 ft 68.6 1.92 206 10.7292 12 65 130 1000 0.89 0.17 -- --
AJF-15 AJF-15SD-C N 2 3 ft 85.6 1.25 158 12.64 12 65 130 1000 1.05 0.19 -- --
AJF-15 AJF-15SD-D N 3 4 ft 37.5 1.57 4.97 0.3166 12 65 130 1000 0.03 0.00 -- --
AJF-15 AJF-15SD-E N 4 5 ft 49.9 3.31 J 7.03 0.2124 12 65 130 1000 -- -- 0.05 0.01
AJF-15 AJF-15SD-F N 5 5.5 ft 24.8 3.6 6.99 0.1942 12 65 130 1000 -- -- 0.05 0.01
AJF-15 AJF-65SD-E FD 4 5 ft -- 2.11 J 8.35 0.3957 12 65 130 1000 0.03 0.01 -- --
AJF-16 AJF-16SD-B N 1 2 ft 40.1 0.653 251 38.438 12 65 130 1000 3.20 0.59 -- --
AJF-16 AJF-16SD-C N 2 3 ft 13.8 1.72 1240 72.093 12 65 130 1000 6.01 1.11 -- --
AJF-16 AJF-16SD-D N 3 4 ft 4.2 0.397 39.2 9.8741 12 65 130 1000 -- -- 0.30 0.04
AJF-16 AJF-16SD-E N 4 5 ft 3.1 0.0854 2.59 3.0328 12 65 130 1000 -- -- 0.02 0.00
SD-205 SD-205-0010-PL2 N 1 2 ft 84.9 J 2.03 128 6.3054 12 65 130 1000 0.53 0.10 -- --

SD-205D SD-205D-0010-PL2 FD 1 2 ft 82.3 J 2.51 158 6.2948 12 65 130 1000 0.52 0.10 -- --
SD-206 SD-206-0010-PL2 N 1 2 ft 80.4 J 1.82 221 12.1429 12 65 130 1000 1.01 0.19 -- --
SD-206 SD-206-0020-PL2 N 2 3 ft -- 2.79 146 5.233 12 65 130 1000 0.44 0.08 -- --
SD-207 SD-207-0010-PL2 N 1 2 ft 82.7 J 2.14 156 7.2897 12 65 130 1000 0.61 0.11 -- --
SD-208 SD-208-0010-PL2 N 1 2 ft 80 J 1.97 137 6.9543 12 65 130 1000 0.58 0.11 -- --
SD-209 SD-209-0010-PL2 N 1 2 ft 82.8 J 2.1 26 1.2381 12 65 130 1000 0.10 0.02 -- --
SD-210 SD-210-0010-PL2 N 1 2 ft 83.6 J 2.34 J 90 3.8462 12 65 130 1000 0.32 0.06 -- --

SD-210D SD-210D-0010-PL2 FD 1 2 ft -- 1.87 299 15.9893 12 65 130 1000 1.33 0.25 -- --
SD-211 SD-211-0010-PL2 N 1 2 ft 71 J 1.89 670 35.4497 12 65 130 1000 2.95 0.55 -- --
SD-211 SD-211-0020-PL2 N 2 3 ft -- 1.5 1540 102.6667 12 65 130 1000 8.56 1.58 -- --
SD-211 SD-211-0030-PL2 N 3 4 ft -- 1.44 1660 115.2778 12 65 130 1000 9.61 1.77 -- --
SD-211 SD-211-0040-PL2 N 4 4.8 ft -- 0.74 653 88.2432 12 65 130 1000 7.35 1.36 -- --
SD-212 SD-212-0010-PL2 N 1 2 ft 73.7 J 1.67 225 13.473 12 65 130 1000 1.12 0.21 -- --
SD-212 SD-212-0020-PL2 N 2 3 ft -- 1.72 29 1.686 12 65 130 1000 0.14 0.03 -- --
SD-213 SD-213-0010-PL2 N 1 2 ft 81.8 J 2.08 186 8.9423 12 65 130 1000 0.75 0.14 -- --
SD-214 SD-214-0010-PL2 N 1 2 ft 79.2 J 1.72 171 9.9418 12 65 130 1000 0.83 0.15 -- --
SD-215 SD-215-0010-PL2 N 1 2 ft 74.4 J 2.19 420 19.1781 12 65 130 1000 1.60 0.30 -- --
SD-215 SD-215-0020-PL2 N 2 3 ft -- 1.78 105 5.8989 12 65 130 1000 0.49 0.09 -- --

Subsurface
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SD-216 SD-216-0010-PL2 N 1 2 ft 64.8 J 1.58 230 14.557 12 65 130 1000 1.21 0.22 -- --
SD-216 SD-216-0020-PL2 N 2 3 ft -- 1.43 527 36.8531 12 65 130 1000 3.07 0.57 -- --
SD-216 SD-216-0030-PL2 N 3 4 ft -- 1.33 980 73.6842 12 65 130 1000 6.14 1.13 -- --
SD-216 SD-216-0040-PL2 N 4 5 ft -- 1.13 483 42.7434 12 65 130 1000 3.56 0.66 -- --
SD-216 SD-216-0050-PL2 N 5 5.9 ft -- 1.02 236 23.1373 12 65 130 1000 1.93 0.36 -- --
SD-216 SD-216-0060-PL2 N 6 7 ft -- 1.09 1290 118.3486 12 65 130 1000 9.86 1.82 -- --
SD-216 SD-216-0070-PL2 N 7 7.7 ft -- 0.96 910 94.7917 12 65 130 1000 7.90 1.46 -- --
SD-217 SD-217-0010-PL2 N 1 1.9 ft 61.3 J 1.51 690 45.6953 12 65 130 1000 3.81 0.70 -- --
SD-217 SD-217-0020-PL2 N 2 2.9 ft -- 1.15 279 24.2608 12 65 130 1000 2.02 0.37 -- --
SD-217 SD-217-0030-PL2 N 3 3.7 ft -- 1.09 456 41.8349 12 65 130 1000 3.49 0.64 -- --
SD-217 SD-217-0040-PL2 N 4 4.5 ft -- 0.28 34.3 12.25 12 65 130 1000 0.26 0.03

SD-309-S SD-309-0001 N 1 2 ft -- 1.77 253.1 14.2995 12 65 130 1000 1.19 0.22 -- --
SD-309-S SD-309-0002 N 2 3 ft -- 1.32 538.6 40.803 12 65 130 1000 3.40 0.63 -- --
SD-309-S SD-309-0003 N 3 4 ft -- 0.941 127.2 13.5175 12 65 130 1000 1.13 0.21 -- --
SD-309-C SD-327-0002 FD 2 3 ft -- 550.8 12 65 130 1000 -- --
SD-310-S SD-310-0001 N 1 2 ft -- 1.54 274 17.7922 12 65 130 1000 1.48 0.27 -- --
SD-310-S SD-310-0002 N 2 3 ft -- 1.5 159.7 10.6466 12 65 130 1000 0.89 0.16 -- --
SD-310-S SD-310-0003 N 3 4 ft -- 0.986 65.2 6.6126 12 65 130 1000 0.55 0.10 -- --
SD-311-S SD-311-0001 N 1 2 ft -- 1.06 1586 149.6227 12 65 130 1000 12.47 2.30 -- --
SD-311-S SD-311-0002 N 2 3 ft 13.3 J 1.45 5789 399.2415 12 65 130 1000 33.27 6.14 -- --
SD-311-S SD-311-0003 N 3 4 ft 14 J 0.725 4446 613.2414 12 65 130 1000 51.10 9.43 -- --
SD-312-S SD-312-0001 N 1 2 ft -- 1.09 1869 171.4679 12 65 130 1000 14.29 2.64 -- --
SD-312-S SD-312-0002 N 2 3 ft -- 0.134 6.3 4.7015 12 65 130 1000 -- -- 0.05 0.01
SD-312-S SD-312-0003 N 3 4 ft -- 0.13 0.52 0.4 12 65 130 1000 -- -- 0.00 0.00
SD-313-S SD-313-0001 N 1 2 ft -- 1.81 64.2 3.547 12 65 130 1000 0.30 0.05 -- --
SD-314-S SD-314-0003 N 3 3.3 ft -- 0.428 224 52.3364 12 65 130 1000 -- -- 1.72 0.22
SD-316-S SD-316-0001 N 1 2 ft -- 1.66 735 44.2771 12 65 130 1000 3.69 0.68 -- --
SD-316-S SD-316-0002 N 2 3 ft -- 1.87 779 41.6578 12 65 130 1000 3.47 0.64 -- --
SD-316-S SD-316-0003 N 3 4 ft -- 1.53 3065 200.3268 12 65 130 1000 16.69 3.08 -- --
SD-317-S SD-317-0001 N 1 2 ft -- 2 1529 76.45 12 65 130 1000 6.37 1.18 -- --
SD-317-S SD-317-0002 N 2 3 ft 44.2 J 2.11 10438 494.6919 12 65 130 1000 41.22 7.61 -- --
SD-317-S SD-317-0003 N 3 4 ft 16.1 J 0.816 1635 200.3677 12 65 130 1000 16.70 3.08 -- --
SD-319-S SD-319-0001 N 1 2 ft -- 1.8 120 6.6667 12 65 130 1000 0.56 0.10 -- --
SD-319-S SD-319-0002 N 2 3 ft -- 2.22 132.9 5.9865 12 65 130 1000 0.50 0.09 -- --
SD-320-S SD-320-0001 N 1 2 ft -- 2.24 1481.2 66.125 12 65 130 1000 5.51 1.02 -- --
SD-320-S SD-320-0003 N 3 4 ft -- 1.83 238.9 13.0546 12 65 130 1000 1.09 0.20 -- --
SD-320-S SD-328-0003 FD 3 4 ft -- 1.72 550.8 32.0233 12 65 130 1000 2.67 0.49 -- --
SD-322-S SD-322-0001 N 1 2 ft -- 1.9 963.2 50.6948 12 65 130 1000 4.22 0.78 -- --
SD-322-S SD-322-0002 N 2 3 ft 72 J 2.63 2773 105.4373 12 65 130 1000 8.79 1.62 -- --
SD-322-S SD-322-0003 N 3 4 ft -- 2.72 1391 51.1398 12 65 130 1000 4.26 0.79 -- --
SD-322-S SD-322-0004 N 4 5 ft -- 1.44 126.1 8.7569 12 65 130 1000 0.73 0.13 -- --
SD-322-S SD-322-0005 N 5 6 ft -- 0.852 231.8 27.2065 12 65 130 1000 2.27 0.42 -- --
SD-330-S SD-320-0002 N 2 3 ft -- 2.39 1234.1 51.636 12 65 130 1000 4.30 0.79 -- --
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AJF-11 AJF-11SD-B N 1 2 ft 40.2 0.905 9.46 U 1.0453 U 12 65 130 1000 -- -- -- --
AJF-11 AJF-11SD-C N 2 3 ft 3.5 0.0612 10 U 16.3399 U 12 65 130 1000 -- -- -- --
AJF-11 AJF-11SD-D N 3 4 ft 4 0.0529 8.17 U 15.4442 U 12 65 130 1000 -- -- -- --
AJF-11 AJF-11SD-E N 4 5 ft 2.8 0.0398 10.7 U 26.8844 U 12 65 130 1000 -- -- -- --
AJF-11 AJF-11SD-F N 5 5.7 ft 5.5 0.123 9.31 U 7.5691 U 12 65 130 1000 -- -- -- --
AJF-11 AJF-61SD-C FD 2 3 ft -- 0.0606 9.38 U 15.4785 U 12 65 130 1000 -- -- -- --
AJF-12 AJF-12SD-F N 5 5.6 ft 58.5 1.51 12.1 U 0.8013 U 12 65 130 1000 -- -- -- --
AJF-13 AJF-13SD-B N 1 2 ft 66.6 1.48 11.7 UJ 0.7905 UJ 12 65 130 1000 -- -- -- --
AJF-13 AJF-13SD-C N 2 3 ft 86.4 1.19 12.7 U 1.0672 U 12 65 130 1000 -- -- -- --
AJF-13 AJF-13SD-E N 4 5 ft 5.8 0.165 9.96 U 6.0364 U 12 65 130 1000 -- -- -- --
AJF-13 AJF-13SD-F N 5 5.85 ft 6.6 0.266 10.7 U 4.0226 U 12 65 130 1000 -- -- -- --
AJF-14 AJF-14SD-D N 3 4 ft 4.4 0.687 J 11.5 U 1.6739 U 12 65 130 1000 -- -- -- --
AJF-14 AJF-14SD-E N 4 4.8 ft 3 0.0711 11.6 U 16.315 U 12 65 130 1000 -- -- -- --
AJF-14 AJF-64SD-D FD 3 4 ft -- 0.105 10.9 U 10.381 U 12 65 130 1000 -- -- -- --
AJF-16 AJF-16SD-F N 5 5.4 ft 5.7 0.156 10.2 U 6.5385 U 12 65 130 1000 -- -- -- --

SD-207-S SD-433 N 0 10 cm -- 1.56 97 U 6.2179 U 12 65 130 1000 -- -- -- --
SD-207-S SD-433-0000 FD 0 10 cm -- 1.56 97 U 6.2179 U 12 65 130 1000 -- -- -- --
SD-210D SD-210D-0000 FD 0 1 ft 87 J 1.68 J 20 U 1.1905 U 12 65 130 1000 -- -- -- --
SD-210D SD-210D-0000-PL2 FD 0 1 ft 81.7 J 1.68 J 20 U 1.1905 U 12 65 130 1000 -- -- -- --
SD-211 SD-211-0050-PL2 N 5 5.8 ft -- 0.1 19 U 19 U 12 65 130 1000 -- -- -- --
SD-211 SD-211-0060-PL2 N 6 7 ft -- 0.08 19 U 23.75 U 12 65 130 1000 -- -- -- --
SD-217 SD-217-0050-PL2 N 5 5.6 ft -- 0.07 19 U 27.1429 U 12 65 130 1000 -- -- -- --

SD-313-S SD-313-0002 N 2 3 ft -- 0.947 12 U 1.2672 U 12 65 130 1000 -- -- -- --
SD-313-S SD-313-0003 N 3 4 ft -- 1.18 120 U 10.1695 U 12 65 130 1000 -- -- -- --
SD-314-S SD-314-0001 N 1 2 ft -- 2.44 20 U 0.8197 U 12 65 130 1000 -- -- -- --
SD-314-S SD-314-0002 N 2 3 ft -- 0.237 580 U 244.7257 U 12 65 130 1000 -- -- -- --
SD-315-S SD-315-0001 N 1 2 ft -- 0.218 22.6 U 10.367 U 12 65 130 1000 -- -- -- --
SD-315-S SD-315-0002 N 2 3 ft -- 0.305 91 U 29.8361 U 12 65 130 1000 -- -- -- --
SD-315-S SD-315-0003 N 3 4 ft -- 0.183 67 U 36.612 U 12 65 130 1000 -- -- -- --
SD-318-S SD-318-0001 N 0 1.5 ft -- 0.824 13 U 1.5777 U 12 65 130 1000 -- -- -- --
SD-319-S SD-319-0003 N 3 4 ft -- 1.81 13 U 0.7182 U 12 65 130 1000 -- -- -- --

Notes:

PCBs mg cm

SMS kg ft

SQS OC bold

CSL µg U

LAET N J

2LAET FD second lowest apparent effects threshold Field duplicate

When total organic carbon (TOC) is less than 0.5 percent or greater than 3 percent, total PCBs were compared against the LAET screening levels. 

Undetects

Analyte was detected at shown concentration.

Analyte was analyzed for and positively identified, but the associated numerical value is an estimated quantity.

polychlorinated biphenyls

Sediment Management Standards

Sediment Quality Standards

Cleanup Screening Levels 

lowest apparent effects threshold

milligrams

kilograms

organic carbon

micrograms

Normal field sample

feet

No detectable concentrations above the listed laboratory practical quantitation limit.

centimeters



Table 2-5 
Surface Sediment Non-PCB Concentrations and Exceedances Within the Removal Action Boundary

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 1

March 2011
080224-01

Location Sample Concentration

SQS 
Exceedance 

Factor

CSL 
Exceedance 

Factor

Chromium AJF-06 AJF-06SD 0 to 0.16 10600 40.8 39.3
Chromium AJF-08 AJF-08SD 0 to 0.16 1060 4.1 3.9
Chromium AJF-10 AJF-10SD 0 to 0.30 362 1.4 1.3
Chromium SD-DUW313 SD-313-0000 0 to 0.33 584 2.2 2.2
Chromium SD-DUW323 SD-323-0000 0 to 0.33 1070 4.1 4.0
Copper AJF-08 AJF-08SD 0 to 0.16 2820 7.2 7.2
Copper SD-DUW333 SD-333-0000 0 to 0.33 843 2.2 2.2
Lead AJF-06 AJF-06SD 0 to 0.16 64900 144.2 122.5
Lead AJF-08 AJF-08SD 0 to 0.16 1410 3.1 2.7
Lead AJF-03 AJF-03SD 0 to 0.23 999 2.2 1.9
Lead SD-DUW313 SD-313-0000 0 to 0.33 637 1.4 1.2
Lead SD-DUW323 SD-323-0000 0 to 0.33 2350 5.2 4.4
Lead SD-DUW342 SD-342-0000 0 to 0.33 852 1.9 1.6
Lead SD-DUW90 DUW90-0000 0 to 0.33 1300 2.9 2.5
Zinc AJF-04 AJF-04SD 0 to 0.07 698 1.7
Zinc AJF-06 AJF-06SD 0 to 0.16 17500 42.7 18.2
Zinc AJF-08 AJF-08SD 0 to 0.16 1300 3.2 1.4
Zinc AJF-03 AJF-03SD 0 to 0.23 2210 5.4 2.3
Zinc AJF-10 AJF-10SD 0 to 0.30 437 1.1 --
Zinc AJF-09 AJF-59SD 0 to 0.33 500 1.2 --
Zinc SD-DUW313 SD-313-0000 0 to 0.33 529 1.3 --
Zinc SD-DUW323 SD-323-0000 0 to 0.33 1590 3.9 1.7
Fluorene SD-DUW309 SD-309-0000 0 to 0.33 37 1.6 --
Fluorene SD-DUW312 SD-312-0000 0 to 0.33 36 1.6 --
Phenanthrene SD-DUW309 SD-309-0000 0 to 0.33 150 1.5 --
Phenanthrene SD-DUW312 SD-312-0000 0 to 0.33 150 1.5 --
Butyl benzyl phthalate SD-DUW315 SD-315-0000 0 to 0.33 8.9 1.8 --
Dibenzofuran SD-DUW309 SD-309-0000 0 to 0.33 19 1.3 --
Dibenzofuran SD-DUW312 SD-312-0000 0 to 0.33 18 1.2 --
Phenol SD-DUW311 SD-311-0000 0 to 0.33 1200 2.9 --
Phenol SD-DUW312 SD-312-0000 0 to 0.33 610 1.5 --
Phenol SD-DUW313 SD-313-0000 0 to 0.33 620 1.5 --
Phenol SD-DUW314A SD-325-0000 0 to 0.33 560 J 1.3 --
Phenol SD-DUW317 SD-317-0000 0 to 0.33 1100 2.6 --
Phenol SD-DUW318 SD-318-0000 0 to 0.33 800 1.9 --
Phenol SD-DUW323 SD-323-0000 0 to 0.33 840 2.0 --

Notes:
PCBs        polychlorinated biphenyls

SQS          Sediment Quality Standards

CSL           Cleanup Screening Levels

mg/kg      milligrams per kilogram

Depth Interval 
(feet)Chemical

Metals (mg/kg)



Table 2-6
Detected Shoreline Seep Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 2

March 2011
080224-01

Total Dissolved Total Dissolved Total Dissolved Total Dissolved

Seep 20 7/1/2004 Windward NA 1.58 1.35 0.114 0.111 11.4 U 8.8 U 10.2 J 8.16 J

NE 227 NE 2.6 NE 306 NE 123

 

Source Control Evaluation Screening Level Values2

Sample 
Location

Seep Sample
Sample Date

Sample 
Depth/Screened 

Interval 
(feet bgs)

Arsenic Cadmium Chromium

Sampled by

Analytical Results (micrograms per liter) 1

Copper



Table 2-6
Detected Shoreline Seep Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

Seep 20 7/1/2004 Windward NA

 

Source Control Evaluation Screening Level Values2

Sample 
Location

Seep Sample
Sample Date

Sample 
Depth/Screened 

Interval 
(feet bgs)Sampled by Total Dissolved Total Dissolved Total Dissolved Total Dissolved

1.44 0.096 0.00061 0.00062 0.086 0.112 10.8 8.08

NE 11 NE 0.0052 NE 1.5 NE 33
Notes:

Bold

1

2

bgs 

J 

NE 

U 

not established

no detectable concentrations above the listed laboratory practical quantitation limit

Analyzed by U.S. Environmental Protection Agency 6000/7000 Series Methods.

SAIC, 2007. Draft Source Control Action Plan - Slip 4 Duwamish Waterway.  Prepared for 
the Washington State Department of Ecology.  February 2007.

below ground surface

denotes result reported is an estimate

Laboratory practical quantitation limit exceeds the screening level values.

Detected concentration exceeds the Source Control Evaluation Screening Level Value.

Mercury

Analytical Results (micrograms per liter) 1

Silver ZincLead



Table 2-7
Site Upland Soil PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 6

March 2011
080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268 Total PCBs

6 to 6.5 8/27/1992 SECOR 0.05 U — 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U — — 0.05 U
9 to 9.5 8/29/1992 SECOR 0.05 U — 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U — — 0.05 U
9 to 9.5 8/26/1992 SECOR 0.05 U — 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U — — 0.05 U
6 to 6.5 8/28/1992 SECOR 0.05 U — 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U 0.05 U — — 0.05 U
6 to 8 2/16/2005 0.046 U — 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U — — 0.046 U

8 to 10 2/16/2005 0.046 U — 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U — — 0.046 U
10 to 12 2/16/2005 0.045 U — 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U — — 0.045 U
12 to 14 2/16/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U
14 to 16 2/16/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U
16 to 18 2/16/2005 0.043 U — 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U — — 0.043 U

0 to 2 6/10/2003 0.036 U — 0.073 U 0.036 U 0.036 U 0.036 U 0.11 0.11 UJ 0.036 U 0.11 0.22
2 to 4 6/10/2003 0.043 U — 0.085 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.085 U
4 to 6 6/10/2003 0.043 U — 0.086 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.086 U
6 to 8 6/10/2003 0.039 U — 0.077 U 0.039 U 0.039 U 0.039 U 0.046 0.039 U 0.039 U 0.037 J 0.083 J

8 to 10 6/10/2003 0.038 U — 0.076 U 0.038 U 0.038 U 0.038 U 0.073 0.059 UJ 0.038 U 0.059 0.132
10 to 12 6/10/2003 0.041 U — 0.082 U 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.024 J 0.024 J
12 to 14 6/10/2003 0.044 U — 0.088 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.088 U
14 to 16 6/10/2003 0.043 U — 0.086 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.086 U

0 to 2 6/10/2003 0.036 U — 0.073 U 0.036 U 0.036 U 0.036 U 0.056 0.054 UJ 0.044 U 0.044 0.1
2 to 4 6/10/2003 0.037 U — 0.073 U 0.037 U 0.037 U 0.037 U 0.2 0.039 UJ 0.044 U 0.037 U 0.2
4 to 6 6/10/2003 0.038 U — 0.076 U 0.038 U 0.038 U 0.038 U 0.038 U 0.038 U 0.046 U 0.038 U 0.076 U
6 to 8 6/10/2003 0.045 U — 0.089 U 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U 0.054 U 0.045 U 0.089 U

8 to 10 6/10/2003 0.045 U — 0.09 U 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U 0.054 U 0.045 U 0.09 U
10 to 12 6/10/2003 0.044 U — 0.087 U 0.044 U 0.044 U 0.044 U 0.053 UJ 0.1 0.052 U 0.044 U 0.1
12 to 14 6/10/2003 0.048 U — 0.096 U 0.048 U 0.048 U 0.048 U 0.048 U 0.034 J 0.057 U 0.048 U 0.034 J
14 to 16 6/10/2003 0.043 U — 0.085 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.051 U 0.043 U 0.085 U

6 to 8 2/14/2005 0.064 U — 0.064 U 0.064 U 0.064 U 0.064 U 0.064 U 0.064 U — — 0.064 U
8 to 10 2/14/2005 0.036 U — 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U — — 0.036 U

10 to 12 2/14/2005 0.047 U — 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U — — 0.047 U
12 to 14 2/14/2005 0.045 U — 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U — — 0.045 U
14 to 16 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U

0.13

Sample 
Depth 
(feet)

Sampled 
by

Weston

Weston

Weston

Weston

Analytical Results (mg/kg) 1

Sample Date
Aroclor

Sample Location
Subsurface Soil Samples

MW-13
MW-16
MW-19
MW-20

PL2-JF04A

SB-07220

SB-07228

SB-07229r

Source Control Evaluation Screening Level Value 2



Table 2-7
Site Upland Soil PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 6

March 2011
080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268 Total PCBs

Sample 
Depth 
(feet)

Sampled 
by

Analytical Results (mg/kg) 1

Sample Date
Aroclor

Sample Location
  6 to 8 2/14/2005 0.036 U — 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U — — 0.036 U

8 to 10 2/14/2005 0.040 U — 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U — — 0.040 U
10 to 12 2/14/2005 0.048 U — 0.048 U 0.048 U 0.048 U 0.048 U 0.048 U 0.048 U — — 0.048 U
12 to 14 2/14/2005 0.045 U — 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U — — 0.045 U
14 to 16 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U

6 to 8 2/14/2005 0.036 U — 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U — — 0.036 U
8 to 10 2/14/2005 0.039 U — 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U — — 0.039 U

10 to 12 2/14/2005 0.046 U — 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U — — 0.046 U
12 to 14 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U
14 to 16 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U

6 to 8 2/14/2005 0.037 U — 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U — — 0.037 U
8 to 10 2/14/2005 0.047 U — 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U — — 0.047 U

10 to 12 2/14/2005 0.049 U — 0.049 U 0.049 U 0.049 U 0.049 U 0.049 U 0.049 U — — 0.049 U
12 to 14 2/14/2005 0.046 U — 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U — — 0.046 U
14 to 16 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.088 UY — — 0.088 UY

6 to 8 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.220 UY — — 0.220 UY
8 to 10 2/14/2005 0.044 U — 0.088 UY 0.130 UY 0.088 UY 0.044 U 0.130 UY 0.220 UY — — 0.220 UY

10 to 12 2/14/2005 0.046 U — 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U — — 0.046 U
12 to 14 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U
14 to 16 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U

0 to 2 6/10/2003 0.034 U — 0.069 U 0.034 U 0.034 U 0.034 U 0.03 J 0.052 0.034 U 0.034 U 0.082 J
2 to 4 6/10/2003 0.038 U — 0.075 U 0.038 U 0.038 U 0.038 U 0.038 U 0.038 U 0.038 U 0.038 U 0.075 U
4 to 6 6/10/2003 0.04 U — 0.08 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.04 U 0.08 U
6 to 8 6/10/2003 0.043 U — 0.087 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.087 U

8 to 10 6/10/2003 0.039 U — 0.078 U 0.039 U 0.039 U 0.039 U 0.025 J 0.039 U 0.039 U 0.039 U 0.078 U
10 to 12 6/10/2003 0.043 U — 0.087 U 0.043 U 0.043 U 0.043 U 0.045 0.062 0.043 U 0.043 U 0.107
12 to 14 6/10/2003 0.043 U — 0.086 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.086 U
14 to 16 6/10/2003 0.042 U — 0.084 U 0.042 U 0.042 U 0.042 U 0.042 U 0.042 U 0.042 U 0.042 U 0.084 U

0 to 0 6/10/2003 0.038 U — 0.075 U 0.038 U 0.038 U 0.038 U 0.072 0.038 U 0.045 U 0.038 U 0.072
0 to 2 6/10/2003 0.042 U — 0.085 U 0.042 U 0.042 U 0.042 U 0.042 U 0.042 U 0.051 U 0.042 U 0.085 U
2 to 4 6/10/2003 0.038 U — 0.077 U 0.038 U 0.038 U 0.038 U 0.038 U 0.038 U 0.046 U 0.038 U 0.077 U
4 to 6 6/10/2003 0.038 U — 0.075 U 0.038 U 0.038 U 0.038 U 0.038 U 0.038 U 0.045 U 0.038 U 0.075 U
6 to 8 6/10/2003 0.042 U — 0.085 U 0.042 U 0.042 U 0.042 U 0.042 U 0.042 U 0.051 U 0.042 U 0.085 U

8 to 10 6/10/2003 0.039 U — 0.079 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.047 U 0.039 U 0.079 U
10 to 12 6/10/2003 0.044 U — 0.088 U 0.044 U 0.044 U 0.044 U 0.023 J 0.044 U 0.053 U 0.044 U 0.088 U
12 to 14 6/10/2003 0.042 U — 0.085 U 0.042 U 0.042 U 0.042 U 0.047 0.042 U 0.051 U 0.042 U 0.047

0.13

Weston

Weston

Weston

Weston

Weston

SB-07230r

SB-07231r

Weston

SB-07232r

SB-07233r

SB-07234

SB-07245

Source Control Evaluation Screening Level Value 2
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Site Upland Soil PCB Concentrations
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080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268 Total PCBs

Sample 
Depth 
(feet)

Sampled 
by

Analytical Results (mg/kg) 1

Sample Date
Aroclor

Sample Location
  0 to 0 6/10/2003 0.036 U — 0.072 U 0.036 U 0.036 U 0.036 U 0.036 U 0.13 0.036 U 0.071 0.201

0 to 2 6/10/2003 0.036 U — 0.072 U 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.072 U
2 to 4 6/10/2003 0.039 U — 0.078 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.078 U
4 to 6 6/10/2003 0.037 U — 0.074 U 0.037 U 0.037 U 0.037 U 0.051 0.061 0.037 U 0.027 J 0.139 J

8 to 10 6/10/2003 0.044 U — 0.089 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.089 U
10 to 12 6/10/2003 0.047 U — 0.095 U 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U 0.095 U
12 to 14 6/10/2003 0.046 U — 0.091 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.091 U

0 to 0 6/10/2003 0.037 U — 0.074 U 0.037 U 0.037 U 0.037 U 0.11 0.098 UY 0.044 U 0.085 0.195
0 to 2 6/10/2003 0.039 U — 0.078 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.046 UY 0.039 U 0.078 U
2 to 4 6/10/2003 0.041 U — 0.082 U 0.041 U 0.041 U 0.041 U 0.041 U 0.041 U 0.049 U 0.041 U 0.082 U
4 to 6 6/10/2003 0.037 U — 0.074 U 0.037 U 0.037 U 0.037 U 0.037 U 0.037 U 0.045 U 0.02 J 0.02 J
6 to 8 6/10/2003 0.039 U — 0.078 U 0.039 U 0.039 U 0.039 U 0.039 U 0.039 U 0.047 U 0.039 U 0.078 U

8 to 10 6/10/2003 0.047 U — 0.093 U 0.047 U 0.047 U 0.047 U 0.047 U 0.047 U 0.056 U 0.047 U 0.093 U
10 to 12 6/10/2003 0.046 U — 0.091 U 0.046 U 0.046 U 0.046 U 0.046 U 0.046 U 0.055 U 0.046 U 0.091 U
12 to 14 6/10/2003 0.043 U — 0.086 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.052 U 0.043 U 0.086 U

0 to 2 2/14/05 0.110 U — 0.110 U 0.110 U 0.110 U 0.110 U 0.64 0.500 J — — 1.140 J
2 to 4 2/14/2005 0.500 U — 0.500 U 0.500 U 0.500 U 0.500 U 1.000 UY 3.000 — — 3.00
4 to 6 2/14/2005 0.043 U — 0.043 U 0.043 U 0.043 U 0.043 U 0.086 UY 0.110 — — 0.110
6 to 8 2/14/2005 0.045 U — 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U 0.045 U — — 0.045 U

8 to 10 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.180 UY 0.5 — — 0.500
10 to 12 2/14/2005 0.040 U — 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U 0.040 U — — 0.040 U
12 to 14 2/14/2005 0.043 U — 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U 0.043 U — — 0.043 U
14 to 16 2/14/2005 0.044 U — 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U 0.044 U — — 0.044 U

0 to 2 2/15/2005 0.120 U — 0.120 U 0.120 U 0.120 U 0.120 U 0.590 UY 0.490 — — 0.490
2 to 4 2/15/2005 0.032 U — 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U — — 0.032 U
0 to 2 2/15/05 0.036 U — 0.036 U 0.036 U 0.036 U 0.036 U 0.036 U 0.130 — — 0.130
2 to 4 2/15/2005 0.032 U — 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U — — 0.032 U
4 to 6 2/15/2005 0.032 U — 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U — — 0.032 U
6 to 8 2/15/2005 0.033 U — 0.033 U 0.033 U 0.033 U 0.033 U 0.033 U 0.033 U — — 0.033 U

8 to 10 2/15/2005 0.033 U — 0.033 U 0.033 U 0.033 U 0.033 U 0.033 U 0.033 U — — 0.033 U
10 to 12 2/15/2005 0.032 U — 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U 0.032 U — — 0.032 U

2 9/13/1994 — 0.072 U — — — 0.072 U 0.072 U 0.072 U — — 0.072 U
5 9/13/1994 — 0.083 U — — — 0.083 U 0.083 U 0.083 U — — 0.083 U

12.5 9/13/1994 — 0.088 UJH — — — 0.088 UJH 0.088 UJH 0.088 UJH — — 0.088 UJH
2 9/12/1994 — 0.035 U — — — 0.035 U 0.035 U 0.035 U — — 0.035 U
5 9/12/1994 — 0.036 U — — — 0.036 U 0.036 U 0.036 U — — 0.036 U

12.5 9/12/1994 — 0.045 U — — — 0.045 U 0.045 U 0.045 U — — 0.045 U
0.13

Weston

Weston

Weston

Weston

Weston

Weston

Weston

SB-07246

SB-07247

SB-07250

SB-07252

SB-07253

SB-08916

SB-09101

Source Control Evaluation Screening Level Value 2
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1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268 Total PCBs

Sample 
Depth 
(feet)

Sampled 
by

Analytical Results (mg/kg) 1

Sample Date
Aroclor

Sample Location
  2 9/12/1994 — 0.035 U — — — 0.035 U 0.035 U 0.07 UY — — 0.07 UY

5 9/12/1994 — 0.036 U — — — 0.036 U 0.036 U 0.036 U — — 0.036 U
12.5 9/12/1994 — 0.044 U — — — 0.044 U 0.044 U 0.044 U — — 0.044 U

2 9/12/1994 — 0.035 U — — — 0.035 U 0.035 U 0.069 J — — 0.069 J
5 9/12/1994 — 0.083 UY — — — 0.042 U 0.042 U 0.042 U — — 0.083 UY

12.5 9/12/1994 — 0.045 U — — — 0.045 U 0.045 U 0.045 U — — 0.045 U
0 to 2 8/26/2004 0.0101 U — 0.0101 U 0.0101 U 0.0101 U 0.0101 U 0.0908 C1 0.105 C1 — — 0.1958
2 to 4 8/26/2004 0.0103 U — 0.0103 U 0.0103 U 0.0103 U 0.0103 U 0.0103 U 0.007 J C1 — — 0.007 J
4 to 6 8/26/2004 0.0109 U — 0.0109 U 0.0109 U 0.0109 U 0.0109 U 0.0109 U 0.0035 J C1 — — 0.0035 J
6 to 8 8/26/2004 0.0095 U — 0.0095 U 0.0095 U 0.0095 U 0.0095 U 0.0095 U 0.0095 U — — 0.00568 J

8 to 10 8/26/2004 0.0113 U — 0.0113 U 0.0113 U 0.0113 U 0.0113 U 0.0113 U 0.00568 J C1 — — 0.0057
10 to 12 8/26/2004 0.0136 U — 0.0136 U 0.0136 U 0.0136 U 0.0136 U 0.0136 U 0.0136 U — — 0.0136 U

0 to 2 8/26/2004 0.0111 U — 0.0111 U 0.0111 U 0.0111 U 0.0111 U 0.396 C1 0.0111 U — — 0.3960
2 to 4 8/26/2004 0.0113 U — 0.0113 U 0.0113 U 0.0113 U 0.0113 U 0.0937 C1 0.0251 C1 — — 0.1188
4 to 6 8/26/2004 0.0116 U — 0.0116 U 0.0116 U 0.0116 U 0.0116 U 0.0294 C1 0.0148 C1 — — 0.0442
6 to 8 8/26/2004 0.0111 U — 0.0111 U 0.0111 U 0.0111 U 0.0111 U 0.0282 C1 0.0155 C1 — — 0.0437

8 to 10 8/26/2004 0.0125 U — 0.0125 U 0.0125 U 0.0125 U 0.0125 U 0.0125 U 0.00618 J C1 — — 0.00618 J
10 to 12 8/26/2004 0.0106 U — 0.0106 U 0.0106 U 0.0106 U 0.0106 U 0.415 C1 0.253 C1 — — 0.6680
12 to 14 8/26/2004 0.0102 U — 0.0102 U 0.0102 U 0.0102 U 0.0102 U 0.00606 J C1 0.0102 U — — 0.0061
14 to 16 8/26/2004 0.0114 U — 0.0114 U 0.0114 U 0.0114 U 0.0114 U 0.0114 U 0.0114 U — — 0.00606 J

0 to 2 8/26/2004 0.524 U — 0.524 U 0.524 U 0.524 U 0.524 U 15.5 C1 2.27 C1 — — 17.77
2 to 4 8/26/2004 0.0098 U — 0.0098 U 0.0098 U 0.0098 U 0.0098 U 0.174 C1 0.0323 C1 — — 0.2063
4 to 6 8/26/2004 0.0103 U — 0.0103 U 0.0103 U 0.0103 U 0.0103 U 0.194 C1 0.0334 C1 — — 0.2274
6 to 8 8/26/2004 0.0116 U — 0.0116 U 0.0116 U 0.0116 U 0.0116 U 0.22 C1 0.0385 C1 — — 0.2585

8 to 10 8/26/2004 0.0117 U — 0.0117 U 0.0117 U 0.0117 U 0.0117 U 0.156 C1 0.0695 C1 — — 0.2255
0 to 2 8/26/2004 0.202 U — 0.202 U 0.202 U 0.202 U 0.202 U 5.93 C1 0.904 C1 — — 6.834
2 to 4 8/26/2004 0.0562 U — 0.0562 U 0.0562 U 0.0562 U 0.0562 U 1.15 C1 0.774 C1 — — 1.924
4 to 6 8/26/2004 0.587 U — 0.587 U 0.587 U 0.587 U 0.587 U 9.86 C1 1.47 C1 — — 11.33
6 to 8 8/26/2004 0.0114 U — 0.0114 U 0.0114 U 0.0114 U 0.0114 U 0.32 C1 0.0768 C1 — — 0.3968

8 to 10 8/26/2004 0.0118 U — 0.0118 U 0.0118 U 0.0118 U 0.0118 U 0.328 C1 0.107 C1 — — 0.4350
10 to 12 8/26/2004 0.0124 U — 0.0124 U 0.0124 U 0.0124 U 0.0124 U 0.0127 C1 0.00935 J C1 — — 0.02205 J
12 to 14 8/26/2004 0.22 U — 0.22 U 0.22 U 0.22 U 0.22 U 6.01 C1 1.03 C1 — — 7.04
14 to 16 8/26/2004 0.118 U — 0.118 U 0.118 U 0.118 U 0.118 U 1.37 C1 0.19 C1 — — 1.56

0.13

Weston

Farallon

Weston

Farallon

Farallon

SB-09105

SB-09106

SB1

SB2 Farallon

SB3

SB4

Source Control Evaluation Screening Level Value 2



Table 2-7
Site Upland Soil PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 5 of 6

March 2011
080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268 Total PCBs

Sample 
Depth 
(feet)

Sampled 
by

Analytical Results (mg/kg) 1

Sample Date
Aroclor

Sample Location
  0 to 2 8/26/2004 0.0102 U — 0.0102 U 0.0102 U 0.0102 U 0.0102 U 0.0267 C1 0.00801 J C1 — — 0.03471 J

2 to 4 8/26/2004 0.0122 U — 0.0122 U 0.0122 U 0.0122 U 0.0122 U 0.00778 J C1 0.00713 J C1 — — 0.01491 J
4 to 6 8/26/2004 0.0112 U — 0.0112 U 0.0112 U 0.0112 U 0.0112 U 0.049 C1 0.014 C1 — — 0.063
6 to 8 8/26/2004 0.011 U — 0.011 U 0.011 U 0.011 U 0.011 U 0.0116 C1 0.00851 J C1 — — 0.02011 J

8 to 10 8/26/2004 0.0114 U — 0.0114 U 0.0114 U 0.0114 U 0.0114 U 0.0967 C1 0.0875 C1 — — 0.1842
10 to 12 8/26/2004 0.012 U — 0.012 U 0.012 U 0.012 U 0.012 U 0.0528 C1 0.0725 C1 — — 0.1253
12 to 14 8/26/2004 0.0111 U — 0.0111 U 0.0111 U 0.0111 U 0.0111 U 0.0505 C1 0.0724 C1 — — 0.1229
14 to 16 8/26/2004 0.0128 U — 0.0128 U 0.0128 U 0.0128 U 0.0128 U 0.0745 C1 0.0989 C1 — — 0.1734

0 to 2 8/27/2004 0.0099 U — 0.0099 U 0.0099 U 0.0099 U 0.0099 U 0.0594 C1 0.0782 C1 — — 0.1376
2 to 4 8/27/2004 0.0095 U — 0.0095 U 0.0095 U 0.0095 U 0.0095 U 0.0905 C1 0.0673 C1 — — 0.1578
4 to 6 8/27/2004 0.01 U — 0.01 U 0.01 U 0.01 U 0.01 U 0.122 C1 0.0605 C1 — — 0.1825
6 to 8 8/27/2004 0.0097 U — 0.0097 U 0.0097 U 0.0097 U 0.0097 U 0.145 C1 0.0584 C1 — — 0.2034

8 to 10 8/27/2004 0.0101 U — 0.0101 U 0.0101 U 0.0101 U 0.0101 U 0.0935 C1 0.113 C1 — — 0.2065
10 to 12 8/27/2004 0.0103 U — 0.0103 U 0.0103 U 0.0103 U 0.0103 U 0.172 C1 0.0938 C1 — — 0.2658
12 to 14 8/27/2004 0.0106 U — 0.0106 U 0.0106 U 0.0106 U 0.0106 U 0.133 C1 0.0523 C1 — — 0.1853
14 to 16 8/27/2004 0.0103 U — 0.0103 U 0.0103 U 0.0103 U 0.0103 U 0.0404 C1 0.0503 C1 — — 0.0907

0 to 2 8/27/2004 0.0102 U — 0.0102 U 0.0102 U 0.0102 U 0.0102 U 0.0683 C1 0.0293 C1 — — 0.0976
2 to 4 8/27/2004 0.0105 U — 0.0105 U 0.0105 U 0.0105 U 0.0105 U 0.256 C1 0.0952 C1 — — 0.3512
4 to 6 8/27/2004 0.054 U — 0.054 U 0.054 U 0.054 U 0.054 U 1.13 C1 0.493 C1 — — 1.623
6 to 8 8/27/2004 0.0099 U — 0.0099 U 0.0099 U 0.0099 U 0.0099 U 0.251 C1 0.114 C1 — — 0.365

8 to 10 8/27/2004 0.011 U — 0.011 U 0.011 U 0.011 U 0.011 U 0.323 C1 0.0967 C1 — — 0.4197
10 to 12 8/27/2004 0.0119 U — 0.0119 U 0.0119 U 0.0119 U 0.0119 U 0.21 C1 0.0924 C1 — — 0.3024
12 to 14 8/27/2004 0.0111 U — 0.0111 U 0.0111 U 0.0111 U 0.0111 U 0.253 C1 0.128 C1 — — 0.381
14 to 16 8/27/2004 0.0124 U — 0.0124 U 0.0124 U 0.0124 U 0.0124 U 0.204 C1 0.425 C1 — — 0.629

0.13

Farallon

Farallon

Farallon

SB5

SB6

SB7

Source Control Evaluation Screening Level Value 2



Table 2-7
Site Upland Soil PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 6 of 6

March 2011
080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268 Total PCBs

Sample 
Depth 
(feet)

Sampled 
by

Analytical Results (mg/kg) 1

Sample Date
Aroclor

Sample Location
  Stormwater Line and Catch Basin Solids Samples

0 to 1 4/8/2005 Boeing — — — — 8 U 39 40 8 U — — 79
0 to 0.75 4/8/2005 Boeing — — — — 0.64 U 3.4 3 0.8 — — 7.2
0.75 to 1 4/8/2005 Boeing — — — — 24 U 120 230 47 UY — — 350
0 to 0.08 5/2/2005 Boeing — — — — 256 U 771 U 2,600 256 U — — 2,600
0 to 0.08 5/3/2005 Boeing — — — — 86.2 U 86.2 U 730 86.2 U — — 730
0 to 0.08 5/3/2005 Boeing — — — — 16.7 U 16.7 U 140 16.7 U — — 140
0 to 0.08 5/3/2005 Boeing — — — — 323 U 323 U 2,400 323 U — — 2,400
0 to 0.08 5/3/2005 Boeing — — — — 3 1,400 U 10,000 1,400 U — — 10,000

0 to 0.25 6/3/2005 Boeing — — — — 0.96 U 0.96 U 68 0.96 U — — 68

0 to 0.08 7/1/2005 Boeing 1.6 U — 1.6 U 1.6 U 1.6 U 1.6 U 1,100 1.6 U — — 1,100
0 to 0.25 7/1/2005 Boeing 1.6 U — 1.6 U 1.6 U 1.6 U 1.6 U 6.5 1.6 U — — 6.5

0 8/31/2004 Farallon 0.0215 U — 0.0215 U 0.0215 U 0.0215 U 0.0215 U 0.174 C1 0.109 C1 — — 0.2830
0 8/31/2004 Farallon 0.0184 U — 0.0184 U 0.0184 U 0.0184 U 0.0184 U 0.193 C1 0.109 C1 — — 0.3020
0 8/31/2004 Farallon 0.0139 U — 0.0139 U 0.0139 U 0.0139 U 0.0139 U 0.106 C1 0.182 C1 — — 0.2880
0 8/31/2004 Farallon 0.0146 U — 0.0146 U 0.0146 U 0.0146 U 0.0146 U 0.079 C1 0.0502 C1 — — 0.1292

0.13
Notes:

PCB

Bold

1

2

— 

H 

J

U 

UJ

Y 

C1 

polychlorinated biphenyls

Source Control Evaluation Screening Level Value 2

CB010 (SDMH-15A)

CB1
CB2

CB011 (SDMH-15A)
CB012 (SDMH-15A)
SD001 (MH 37-2)
SD002 (MH 37-7)
SD003 (SDM-015B)
SD004 (SDMH-24B)

Indicates detected concentration exceeds the Source Control Evaluation Screening Level Value.

CB3
CB4

Laboratory practical quantitation limit exceeds the Screening Level Value.

SD005 (SDMH-24B)
SD006 
(Public SDMH-11)
12SD-070105-01
12SD-070105-02

Second column confirmation was performed. The relative percent difference between the two column results was below 40 percent.

Analyzed by EPA Method 8080, 8081, or 8082.

Not analyzed

Denotes value greater than minimum shown.

No detectable concentrations above the listed laboratory practical quantitation limit.

Estimated detection limit

The analyte reporting limit is raised due to a positive chromatographic interference.  The compound is not detected above the raised limit but may be present at or below the limit.

The analyte was analyzed for and positively identified, but the associated numerical value is an estimated quantity.

Source Control Evaluation Screening Level reference.



Table 2-8
Site Upland Groundwater PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 2

March 2011
080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268
GP-06601 9/12/1994 Weston 13 — 1 U — — — 1 U 1 U 1 U — — 1 U
GP-06602 9/13/1994 Weston 14 — 1 U — — — 1 U 1 U 1 U — — 1 U
GP-06603 9/12/1994 Weston 14 — 1 U — — — 1 U 1 U 1 U — — 1 U
GP-06604 9/13/1994 Weston 14 — 17 UY — — — 1 U 1 U 1 U — — 17 UY
GP-09101 9/12/1994 Weston 15 — 1 U — — — 1 U 1 U 1 U — — 1 U
GP-09102 9/8/1994 Weston 14 — 1 U — — — 1 U 1 U 1 U — — 1 U
GP-09103 9/8/1994 Weston 14 — 1 U — — — 1 U 1 U 1 U — — 1 U

MW-5 4/10/2003 Farallon 10-20 0.0478 U — 0.0478 U 0.0478 U 0.0478 U 0.0478 U 0.0478 U 0.0478 U — — 0.0478 U
4/11/2003 Farallon 0.0478 U — 0.0478 U 0.0478 U 0.0478 U 0.0478 U 0.0478 U 0.0478 U — — 0.0478 U
6/16/2003 Weston 0.01 UY — 0.02 UY 0.01 UY 0.01 UY 0.01 UY 0.13 0.28 0.01 UY 0.01 UY 0.41
4/11/2003 Farallon 0.0477 U — 0.0477 U 0.0477 U 0.0477 U 0.0477 U 0.0477 U 0.0477 U — — 0.0477 U
6/16/2003 Weston 0.01 UY — 0.02 UY 0.01 UY 0.01 UY 0.01 UY 0.01 UY 0.01 UY 0.01 UY 0.01 UY 0.02 UY

MW-13 9/10/1992 SECOR 5-20 0.1 U — 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U — — 0.1 U
MW-15 4/11/2003 Farallon 5-20 0.0476 U — 0.0476 U 0.0476 U 0.0476 U 0.0476 U 0.0476 U 0.0476 U — — 0.0476 U
MW-24 4/11/2003 Farallon 6-19.75 0.0478 UZ — 0.0478 UZ 0.0478 UZ 0.0478 UZ 0.0478 UZ 0.0478 UZ 0.0478 UZ — — 0.0478 UZ
MW-25 4/11/2003 Farallon 6-19.75 0.0475 U — 0.0475 U 0.0475 U 0.0475 U 0.0475 U 0.0475 U 0.0475 U — — 0.0475 U

5/7/1993 SECOR 0.021 U — 0.052 U 0.052 U 0.021 U 0.021 U 0.021 U 0.021 U — — 0.052 U
4/11/2003 Farallon 0.0476 U — 0.0476 U 0.0476 U 0.0476 U 0.0476 U 0.0476 U 0.0476 U — — 0.0476 U

MW-36 4/11/2003 Farallon NA 0.0478 U — 0.0478 U 0.0478 U 0.0478 U 0.0478 U 0.0478 U 0.0478 U — — 0.0478 U
9/27/1995 Boeing 1 U — — — 1 U 1 U 1 U 1 U — — 1 U

11/17/1995 Boeing 1 U — — — 1 U 1 U 1 U 1 U — — 1 U
3/1/1996 Boeing 1 U — — — 1 U 1 U 1 U 1 U — — 1 U

5/23/1996 Boeing 1 U — — — 1 U 1 U 1 U 1 U — — 1 U
8/26/1996 Boeing 1 U — — — 1 U 1 U 1 U 1 U — — 1 U

11/21/1996 Boeing 1 U — — — 1 U 1 U 1 U 1 U — — 1 U
6/16/2003 Boeing 0.01 U — 0.02 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.02 U
7/31/2006 Boeing 0.01 U — 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U — — 0.01 U
4/10/2003 Farallon 0.0476 U — 0.0476 U 0.0476 U 0.0476 U 0.0476 U 0.0476 U 0.0476 U — — 0.0476 U
6/16/2003 Boeing 0.01 U — 0.02 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.02 U

PL2-JF03A 4/10/2003 Farallon 8-22.75 0.0477 U — 0.0477 U 0.0477 U 0.0477 U 0.0477 U 0.0477 U 0.0477 U — — 0.0477 U
PL2-JF04A 2/18/2005 Boeing 8-18 0.02 UY — 0.01 U 0.05 UY 0.03 UY 0.04 UY 0.01 U 0.01 UY — — 0.05 UY

0.27

MW-7

Sample 
Depth/Screened 

Interval 
(feet bgs)Sampled by

PL2-JF02A

PL2-JF01AR

5-19

10-20

Analytical Results (mg/kg) 1

Total PCBs

Aroclor

MW-6

23-27

10-20

Source Control Evaluation Screening Level Value 2

Sample Date
Sample 

Location

8-22.75

NA

MW-31

PL2-JF01A



Table 2-8
Site Upland Groundwater PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

1016 1016/1242 1221 1232 1242 1248 1254 1260 1262 1268

Sample 
Depth/Screened 

Interval 
(feet bgs)Sampled by

Analytical Results (mg/kg) 1

Total PCBs

Aroclor

Sample Date
Sample 

Location
SB-07220 6/10/2003 Weston 4-6 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07228 6/10/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07230 6/11/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07233 6/11/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07234 6/10/2003 Weston 2-4 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07238 6/13/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07239 6/12/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07242 6/13/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07243 6/12/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U
SB-07244 6/11/2003 Weston 6-8 1 U — 2 U 1 U 1 U 1 U 1 U 1 U 1.2 U 1 U 2 U

0.27

Notes:

PCB

Bold Laboratory practical quantitation limit exceeds the Screening Level Value.

Detected concentration exceeds the Source Control Evaluation Screening Level Value.

1

2

mg/kg 

—

bgs 

NA 

U 

Y 

Z 

below ground surface

polychlorinated biphenyls

No detectable concentrations above the listed laboratory practical quantitation limit.

Sample extract treated with mercury cleanup procedure.

The analyte reporting limit is raised due to a positive chromatographic interference.  The compound is not detected above the raised limit but may be present at or below the limit.

Source Control Evaluation Screening Level Value protective of sediment quality.

Analyzed by EPA Method 608, 8080,  8081, or  8082.

milligrams per kilogram

Not analyzed

Not available

Source Control Evaluation Screening Level Value 2



Table 2-9
 Site Upland Stormwater Outfall Discharge PCB Concentrations

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 1

March 2011
080224-01

Location ID Ecology Freshwater Ecology Marine NPDES Outfall 002 Outfall 003
Sample ID Chronic Water Chronic Water Baseline Permit AJF-02SW-050519 AJF-03SW-050519

Sample Date Quality Criteriaa Quality Criteriaa Action Level 5/19/2005 5/19/2005
PCBs (µg/L)

-- -- -- 0.19 U 0.19 U
-- -- -- 0.19 U 0.19 U
-- -- -- 0.19 U 0.19 U

Aroclor 1242 -- -- -- 0.19 U 0.19 U
-- -- -- 0.19 U 0.19 U
-- -- -- 0.19 U 0.19 U
-- -- -- 0.19 U 0.19 U

0.014b 0.03b -- 0.19 U 0.19 U
Notes:

PCBs polychlorinated biphenyls

Ecology Washington State Department of Ecology

a

b

U
µg/L
NPDES 

Ecology Water Quality Standards for Surface Waters of the State of Washington, Toxic Substances Criteria (TSC), Chronic Toxicity 
(WAC 173-201A), November 2006.
Ecology criteria are less than the laboratory practical detection limit, so the method detection limit (0.05 µg/L) is used as the 
screening level.

Total PCBs 

no detectable concentrations above the listed laboratory practical quantitation limit
micrograms per liter
National Pollution Discharge Elimination System

Aroclor 1260

Aroclor 1221
Aroclor 1232

Aroclor 1248
Aroclor 1254

Aroclor 1016



Table 2-10
Comparison of Sediment Risk-based Threshold Concentrations and

 Background Levels for Risk Driver Chemicals

Final Engineering Evalution/Cost Analysis
Jorgensen Forge Facility 1 of 1

March 2011
080224-01

Risk Driver 
Chemical Unit Risk Level Sediment RBTCs

Sample Frequency 
Above Sediment 

RBTC
Human Health 

Concern?

1 in a million (1 x 10-6) 1.3 to 3.7 a 96 Yes

1 in 100,000 (1 x 10-5) 13 to 37 a 50 Yes

1 in 10,000 (1 x 10-4) 130 to 370 a 0 No
SQS 57 2 Yes
CSL 93 0 No

1 in a million (1 x 10-6) 90 to 380 a 20 Yes

1 in 100,000 (1 x 10-5) 900 to 3,800 a 5 Yes

1 in 10,000 (1 x 10-4) 9,000 to 38,000 a 0 No

1 in a million (1 x 10-6) 13 to 37 a NA NA

1 in 100,000 (1 x 10-5) 130 to 370 a NA NA

1 in 10,000 (1 x 10-4) 1,300 to 37,00 a NA NA

1 in a million (1 x 10-6) 500 to 1,700 a 72 Yes

1 in 100,000 (1 x 10-5) 5,000 to 17,000 a 9 Yes

1 in 10,000 (1 x 10-4)
50,000 to 170,000 a; 

7.3 to 301 c
0 a; 155 c No a; Yes c

SQS 130 d 121 Yes
CSL 1,000 e 39 Yes

Notes:
mg/kg
µg/kg
ng/mg
dw 
NA
cPAH 
PCB
RBTC
RME 
TEQ
SQS
CSL
a
b 
c 

d

e 

Arsenic mg/kg dw

cPAHs c µg/kg dw

ng/kg dw
Dioxin and 
furan TEQ

µg/kg dwTotal PCBs

dry weight
not available

Reported value is lowest apparent effects threshold (AET), which is functionally equivalent to the SQS, but in 
dry weight units. 

reasonable maximum exposure
toxicity equivalent

carcinogenic polycyclic aromatic hydrocarbon
polychlorinated biphenyl

Report value is second lowest AET, which is functionally equivalent to the CSL, but in dry weight units. 

milligrams per kilogram
micrograms per kilogram
nanograms per kilogram

Sediment Quality Standards
Cleanup Screening Level 
RBTCs developed from the human health direct sediment contact RME scenarios.
cPAH concentrations are given in terms of benzo(a)pyrene equivalents.
RBTCs developed from the human health seafood consumption RME scenarios.  The calculated PCB RBTC for 
the 1 x 10-5 and 1 x 10-6 risk levels were less than 1 µg/kg and therefore not considered applicable.

risk-based threshold concentration



Table 4-1
Applicable or Relevant and Appropriate Requirements

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 3

March 2011
080224-01

Federal State

Sediment Quality
Sediment quality standards; 
cleanup screening levels

Sediment Management 
Standards (WAC 173-204)

The SMS is a statutory requirement under MTCA and an 
ARAR under CERCLA. Numerical standards for the protection 
of benthic marine invertebrates.

Fish Tissue Quality
Concentrations of chemicals in 
fish tissues

Food and Drug Administration 
Maximum Concentrations of 
Contaminants in Fish Tissue 
(49 CFR 10372-10442)

The Washington State Department of Health assesses the 
need for fish consumption advisories.

Surface Water 
Quality

Surface Water Quality Standards

Ambient Water Quality Criteria 
established under Section 304(a) of 
the Clean Water Act 
(33 USC 1251 et seq) 

http://www.epa.gov/ost/criteria/w
gctable/

Surface Water Quality 
Standards (RCW 90-48; 
WAC 173-201A)

State surface water quality standards apply where the State 
has adopted and the U.S. Environmental Protection Agency 
has approved Water Quality Standards Federal 
recommended Water Quality Criteria established under 
Section 304(a) of the Clean Water Act that are more 
stringent than State criteria and that are relevant and 
appropriate also apply. Both chronic and acute standards, 
and marine and freshwater are used as appropriate.

Disposal of materials containing 
PCBs

Toxic Substances Control Act (15 
USC 2605; 40 CFR Part 761)

Hazardous waste

Resource Conservation and 
Recovery Act Land Disposal 
Restrictions (42 USC 7401-7642; 40 
CFR 268)

Dangerous Waste Regulations 
Land Disposal Restrictions (RCW 
70.105; 
WAC 173-303, -140, -141)

Waste Treatment 
Storage and 
Disposal

Resource Conservation and 
Recovery Act (42 USC 7401-7642;40 
CFR 264 and 265)

Dangerous Waste Regulations 
(RCW 70.105; WAC 173-303)

Noise Maximum noise levels
Noise Control Act of 1974 
(RCW 80.107; WAC 173-60)

Groundwater
Safe Drinking Water Act MCLs and 
non-zero MCLGs 
(40 CFR 141)

RCW 43.20A.165 and  
WAC 173-290-310

For on-site potable water, if any.

Comment

Land Disposal of 
Waste

Regulatory Citation

Topic Standard or Requirement



Table 4-1
Applicable or Relevant and Appropriate Requirements

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 3

March 2011
080224-01

Federal State Comment

Regulatory Citation

Topic Standard or Requirement

Discharge of dredged/fill material 
into navigable waters or 
wetlands

Clean Water Act 
(33 USC 401 et seq; 33 USC 141; 33 
USC 1251-1316; 40 CFR 
230,231,404; 33 CFR 320-330) 
Rivers and Harbors Act 
(33 USC 401 et seq)

Hydraulic Code Rules
(RCW 75.20; WAC 220-110)

For in-water dredging, filling or
other construction.

Open-water disposal of dredged 
sediments

Marine Protection, Research and 
Sanctuaries Act (33 USC 1401-1445) 
40 CFR 227

DMMP (RCW 79.90; 
WAC 332-30-166)

Solid Waste 
Disposal

Requirements for solid waste 
handling management and 
disposal

Solid Waste Disposal Act 
(42 USC 215103259-6901-6991; 40 
CFR 257,258)

Solid Waste Handling Standards 
(RCW 70.95; 
WAC 173-350)

Discharge to 
Surface Water

Point source standards for new 
discharges to surface water

National Pollutant Discharge 
Elimination System 
(40 CFR 122, 125)

Discharge Permit Program 
(RCW 90.48; 
WAC 173-216, -222)

Shoreline Construction and development

Shoreline Management Act 
(RCW 90.58; WAC 173-16); 
King County and City of Seattle 
Shoreline Master Plans 
(KCC Title 25; SMC 23.60)

For construction within 200 feet of the shoreline.

Floodplain 
Protection

Avoid adverse impacts, minimize 
potential harm,

Executive Order 11988, Protection 
of flood plains 
(40 CFR 6, Appendix A); FEMA 
National Flood Insurance Program 
Regulations [44 CFR 60.3Ld][3]).

For in-water construction activities, including any dredge or 
fill operations. Includes local ordinances: KCC Title 9 and 
SMC 25.09.

Dredge/Fill and 
Other In-water 
Construction Work



Table 4-1
Applicable or Relevant and Appropriate Requirements

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 3 of 3

March 2011
080224-01

Federal State Comment

Regulatory Citation

Topic Standard or Requirement

Critical (or 
Sensitive) Area 

Growth Management Act (RCW 
37.70a); King County Critical 
Area Ordinance 
(KCC Title 21A.24); 
City of Seattle (SMC 25.09)

Habitat for Fish, 
Plants, or Birds

Evaluate and mitigate habitat 
impacts

Clean Water Act (Section 404 
(b)(1)); U.S. Fish and Wildlife 
Mitigation Policy (44 FR 7644);
U.S. Fish and Wildlife Coordination 
Act (16 USC 661 et seq); Migratory 
Bird Treaty Act 
(16 USC 703-712)

Pretreatment
Standards

National Pretreatment
Standards

40 CFR Part 403; Metro District 
Wastewater Discharge 
Ordinance (KCC) to be 
considered (as is local 
requirement)

Environmental 
lmpact Review

State Environmental 
Policy Act 

State Environmental Policy Act 
(RCW 43.21C; 
WAC 197-11-790)

Applicable to MTCA cleanups.

Notes:
RCW Revised Code of Washington ARARs

CFR Code of Federal Regulations CERCLA

WAC Washington Administrative Code PCBs

USC United States Code MCL

KCC King County Code FEMA  

SMC Seattle Municipal Code DMMP 

SMS

MTCA Model Toxics Control Act

Comprehensive Environmental Response, Compensation, and Liability Act

Applicable or Relevant and Appropriate Requirements

Sediment Management Standards

Maximum Containment Level

Federal Emergency Management Agency

Dredged Material Management Program

polychlorinated biphenyls



Table 5-1 
Advantages and Disadvantages of Using Treatment Technologies for Non-time Critical Removal Action

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 1

March 2011
080224-01

EE/CA Evaluation 
Criterion Treatment Advantages Treatment Disadvantages 

May destroy some or most of the 
organic contaminants such as PCBs. 

Effectiveness of advanced soil washing is unproven for RAB conditions. 

May reduce amount of PCBs being 
landfilled. 

Each of the technologies produces waste streams (e.g., off gasses, 
wastewater) that may contain contaminants and may increase short-
term risks. 

May allow for beneficial use of the 
treated material. 

Waste streams from advanced soil washing require landfilling or 
discharge to water. 

Incineration and high-temperature 
thermal desorption have proven 
effectiveness for PCBs. 

Treated material may still have residual contamination. Beneficial use 
may create higher exposures and risks compared to landfilling without 
treatment. Beneficial use requires careful evaluation. 

Advanced soil washing would require treatability testing, delaying 
cleanup. 
Administratively difficult to assess and implement re-use options in a 
short time frame. 

On-site treatment facility requires significant land and infrastructure. 

Administratively difficult to site a new PCB treatment facility. 

Substantially higher costs than direct landfill disposal of untreated 
materials. 
Advanced soil washing costs are difficult to predict, and there is 
substantial potential for cost overruns. 

Costs may further increase if beneficial use cannot be implemented. 

Costs of each treatment technology is substantial and disproportionate 
to any benefits gained. 

Landfill disposal is a proven, lower-cost alternative. 

Effectiveness

Implementability 

Cost No cost advantages.

Off-site incineration at established 
facilities is readily implementable. 



Table 6-1
Summary of Estimated Quantities Associated with Non-time Critical Removal Action Alternatives

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 1

March 2011
080224-01

Alternative 2 Alternative 3 Alternative 4

Bank excavation b 6000 6000 6000

Dredging c 9900 11000 15000
Total Volume Removed 15900 16800 21000

Land Based Cap 3400 3400 3400
Water Based Cap 6400 5900 0
Water Based Backfill 2500 2900 12800

Total Fill Volume 12300 12200 16200

Land Based Cap 0.38 0.38 0.38
Water Based Capping 0.83 0.69 0.00

Total Cap Area 1.21 1.07 0.38

cy cubic yards

a

b 

c

d

Notes:

All quantities are rounded to two significant figures; minor differences in the totals are due to rounding. All removal 
volume estimates include a 1-foot overdepth tolerance.

Bank excavation quantities represent the volume of material expected to be removed by land-based equipment 
working from the upland. Actual equipment and methodology will be determined in the design and in the selected 
contractor’s work plans. Bank excavation includes bank material from the top of bank down to elevations reachable 
by land based equipment.

All fill volume estimates include filter layer, an armor layer, and a habitat substrate.

Dredge quantities represent the volume of sediment expected to be removed by floating equipment. Actual 
equipment and methodology will be determined in the design and in the selected contractor’s work plans.  

Action

Removal Volumes (cy) a

Fill Volumes (cy)d

Cap Areas (Acres)



Table 6-2
Estimated Costs for Alternative 2

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 2

March 2011
080224-01

Unit Quantity Unit Cost  Estimated Costs

% 13 $418,000 $418,000

Dredge and Ancillary Equipment LS 1 $133,300 $133,300

Upland Equipment LS 1 $75,000 $75,000

Site Preparation LS 1 $90,500 $90,500

Pile Removal and Disposal EA 60 $1,700 $102,000

Upland Debris Removal and Disposal Ton 90 $50 $4,500

CY 9,845 $48 $474,000

CY 6,010 $12 $71,000

Dewatering Ton 23,785 $20 $476,000

Transportation and Disposal Ton 23,785 $38 $904,000

Sand Ton 9,405 $13 $122,000

Pea Gravel Ton 1,005 $17 $17,000

Armor Material Ton 3,045 $44 $134,000

Geotextile SF 16,395 $2.50 $41,000

Sand CY 6,270 $41 $257,000

Pea Gravel CY 670 $41 $27,000

Armor Material CY 1,900 $41 $78,000

Sand CY 2,125 $11 $23,000

Pea Gravel CY 1,005 $11 $3,000

Armor Material CY 910 $11 $10,000

Geotextile SF 16,395 $2.50 $41,000

LS 1 $60,000 $60,000

LS 1 $70,000 $70,000

% 30 $964,000 $964,000

% 9 $289,000 $289,000

% 8 $193,000 $193,000

LS 1 $60,000 $60,000

LS 1 $80,000 $80,000

LS 1 $150,000 $150,000Cultural Resources Oversight

Environmental Protection

Construction Contingency2

Washington State Sales Tax

Construction Management 3

Post-dredge Sampling

Water Quality Monitoring

Import Materials

In-water Dredging

Upland Excavation

In-water Material Placement

Upland Material Placement

Surveying

Category

Design and Project Management1 

Mobilization/Demobilization/Site Preparation

Debris Removal and Disposal

Dewater, Transport and Dispose of Contaminated Sediments



Table 6-2
Estimated Costs for Alternative 2

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

Unit Quantity Unit Cost  Estimated CostsCategory

    

Monitoring Events EA 8 $75,000 $600,000

Cap Maintenance in Year 20 LS 1 $486,000 $486,000

$6,450,000

1

2

3

4

5

% Percentage

CY Cubic yard

EA Each

LS Lump sum

SF Square Foot

Long-term Operations and Maintenance 4

Design and Project Management assumed to be 13 percent of direct construction costs.  

Total Estimated Costs 5

Long-term Operation and Maintenance costs assume $75,000 in Years 1, 3, 5, 10, 15, 20, 25, and 30 
with cap maintenance in Year 20 at 100 percent of in-water capping costs.  

Total costs presented in 2011 dollars.  

Construction Contingency assumed to be 40 percent of direct construction costs.  

Construction Management assumed to be 8 percent of direct construction costs. 

Notes:



Table 6-3
Estimated Costs for Alternative 3

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 2

March 2011
080224-01

Unit Quantity Unit Cost  Estimated Costs

% 13% $434,000 $434,000

Dredge and Ancillary Equipment LS 1 $133,300 $133,300

Upland Equipment LS 1 $75,000 $75,000

Site Preparation LS 1 $90,500 $90,500

Pile Removal and Disposal EA 60 $1,700 $102,000

Upland Debris Removal and Disposal Ton 90 $50 $5,000

CY 10,745 $48 $517,000

CY 6,010 $12 $71,000

Dewatering Ton 25,135 $20 $503,000

Transportation and Disposal Ton 25,135 $38 $955,000

Sand Ton 10,325 $13 $134,000

Pea Gravel Ton 835 $17 $14,000

Armor Material Ton 2,670 $44 $117,000

Geotextile SF 16,395 $2.50 $41,000

Sand CY 6,880 $41 $282,000

Pea Gravel CY 555 $41 $23,000

Armor Material CY 1,670 $41 $68,000

Sand CY 2,125 $11 $23,000

Pea Gravel CY 835 $11 $3,000

Armor Material CY 910 $11 $10,000

Geotextile SF 16,395 $2.50 $41,000

LS 1 $60,000 $60,000

LS 1 $70,000 $70,000

% 30 $1,002,000 $1,002,000

% 9 $300,000 $300,000

% 8 $200,000 $200,000

LS 1 $60,000 $60,000

LS 1 $80,000 $80,000

LS 1 $150,000 $150,000

Washington State Sales Tax

Construction Management 3

Post-dredge Sampling

Water Quality Monitoring

Cultural Resources Oversight

Import Materials

In-water Material Placement

Upland Material Placement

Surveying

Environmental Protection

Construction Contingency2

Category

Design and Project Management1 

Mobilization/Demobilization/Site Preparation

Debris Removal and Disposal

In-water Dredging

Upland Excavation

Dewater, Transport and Dispose of Contaminated Sediments



Table 6-3
Estimated Costs for Alternative 3

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

Unit Quantity Unit Cost  Estimated CostsCategory

    

Monitoring Events EA 8 $75,000 $600,000

Cap Maintenance in Year 20 LS 1 $423,000 $423,000

$6,590,000

1

2

3

4

5
% Percentage
CY Cubic yard
EA Each
LS Lump sum
SF Square Foot

Total Estimated Costs 5

Design and Project Management assumed to be 13 percent of direct construction costs.  

Construction Contingency assumed to be 40 percent of direct construction costs.  

Construction Management assumed to be 8 percent of direct construction costs. 

Long-term Operations and Maintenance 4

Long-term Operation and Maintenance costs assume $75,000 in Years 1, 3, 5, 10, 15, 20, 25, and 30 
with cap maintenance in Year 20 at 100 percent of in-water capping costs.  

Total costs presented in 2011 dollars.  

Notes:



Table 6-4
Estimated Costs for Alternative 4

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 2

March 2011
080224-01

Unit Quantity Unit Cost  Estimated Costs

% 13 $418,000 $526,000

Dredge and Ancillary Equipment LS 1 $133,300 $133,000

Upland Equipment LS 1 $75,000 $75,000

Site Preparation LS 1 $90,500 $91,000

Pile Removal and Disposal EA 60 $1,700 $102,000

Upland Debris Removal and Disposal Ton 90 $50 $5,000

CY 14,545 $48 $700,000

CY 6,010 $12 $71,000

Dewatering Ton 30,835 $20 $617,000

Transportation and Disposal Ton 30,835 $38 $1,172,000

Sand Ton 19,065 $13 $248,000

Pea Gravel Ton 0 $17 $0

Armor Material Ton 1,460 $44 $64,000

Geotextile SF 16,395 $2.50 $41,000

Sand CY 12,710 $41 $521,000

Pea Gravel CY 0 $41 $0

Armor Material CY 0 $41 $0

Sand CY 2,125 $11 $23,000

Pea Gravel CY 0 $11 $3,000

Armor Material CY 910.00 $11 $10,000

Geotextile SF 16,395 $2.50 $41,000

LS 1 $60,000 $60,000

LS 1 $70,000 $70,000

% 40 $1,618,000 $1,618,000

% 9 $364,000 $364,000

% 8 $243,000 $243,000

LS 1 $60,000 $60,000

LS 1 $80,000 $80,000

LS 1 $150,000 $150,000

Environmental Protection

Construction Contingency2

Washington State Sales Tax

Construction Management 3

Post-dredge Sampling

Water Quality Monitoring

Upland Excavation

Dewater, Transport and Dispose of Contaminated Sediments

Import Materials

In-water Material Placement

Upland Material Placement

Surveying

Cultural Resources Oversight

Category

Design and Project Management1 

Mobilization/Demobilization/Site Preparation

Debris Removal and Disposal

In-water Dredging



Table 6-4
Estimated Costs for Alternative 4

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

Unit Quantity Unit Cost  Estimated CostsCategory

    EA 4 $45,000 RESERVED

$7,090,000

1

2

3

4

5

% Percentage

CY Cubic yard

EA Each

LS Lump sum

SF Square Foot

Notes:

Long-term Operations and Maintenance 4

Total Estimated Costs 5

Long-term Operation and Maintenance will not be required for this alternative because the complete 
vertical extent of total polychlorinated biphenyl (PCB) Removal Action Level (RvAL) exceedances will be 
removed.  If EPA requires long-term monitoring as part of the larger Lower Duwamish Waterway Remedial 
Investigation/Feasibility Study process to assess changes in surface sediment chemical concentrations, the 
costs are estimated to be $45,000 in Years 1, 3, 5, and 10.  

Total costs presented in 2011 dollars.  

Design and Project Management assumed to be 13 percent of direct construction costs.  

Construction Contingency assumed to be 40 percent of direct construction costs.  

Construction Management assumed to be 8 percent of direct construction costs. 



Table 7-1
Summary Comparative Analysis

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 1 of 2

March 2011
080224-01

Action Alternative 1 Alternative 2 Alternative 3 Alternative 4

Volume Removed (cy) 0 15,900 16,800 21,000
Volume Capped/
Backfilled (cy)

0 12,200 12,500 15,000

Overall protection of 
human health and 
environment

Not Protective Protective Protective Protective

Achievement of RAOs Does not achieve RAOs. Achieves RAO. Achieves RAO. Achieves RAO.

Complies with ARARs. Surface 
sediment total PCB
concentrations will be below the 
SQS/RvAL at the vertical point of 
compliance following the 
removal action.

Complies with ARARs. Surface 
sediment total PCB
concentrations will be below the 
SQS/RvAL at the vertical point of 
compliance following the 
removal action.

Complies with ARARs. Surface 
sediment total PCB
concentrations will be below the 
SQS/RvAL at the vertical point of 
compliance following the 
removal action.

Complies with CWA 404 and ESA 
requirements. Expands shallow 
subtidal, intertidal, and total 
aquatic habitat.

Complies with CWA 404 and ESA 
requirements. Expands shallow 
subtidal, intertidal, and total 
aquatic habitat.

Complies with CWA 404 and ESA 
requirements. Expands shallow 
subtidal, intertidal, and total 
aquatic habitat.

Landfill disposal complies with 
federal and state regulations.

Landfill disposal complies with 
federal and state regulations.

Landfill disposal complies with 
federal and state regulations.

Reduction of toxicity, 
mobility, or volume 
through treatment

Does not include 
treatment.

Does not include treatment. Does not include treatment. Does not include treatment.

Effective and permanent. Effective and permanent. Effective and permanent.

Sediments with the highest 
chemical concentrations would 
be permanently removed.  Less 
material removed than under 
Alternatives 3 and 4.

Sediments with the highest 
chemical concentrations would 
be permanently removed.  Less 
material removed than under 
Alternative 4, but more than 
Alternative 2.

All sediments with 
concentrations above the PCB 
SQS/RvAL would be permanently 
removed.  More material 
removed than under Alternatives 
2 and 3.

Remaining material with 
concentrations exceeding the 
total PCBs SQS/RvAL would be 
effectively contained by 
engineered cap.  Caps require 
long-term monitoring and 
potential maintenance.

Remaining material with 
concentrations exceeding the 
total PCBs SQS/RvAL would be 
effectively contained by 
engineered cap.  Caps require 
long-term monitoring and 
potential maintenance.

No material would be left in 
place with concentrations above 
the total PCBs SQS/RvAL so 
removal action is permanent 
upon completion.

Low erosion potential. Low erosion potential. Low erosion potential.

Monitoring and periodic reviews 
would verify long-term 
effectiveness and permanence. 
Land use restrictions would 
minimize potential for cap  
disturbance.

Monitoring and periodic reviews 
would verify long-term 
effectiveness and permanence. 
Land use restrictions would 
minimize potential for cap  
disturbance.

Monitoring and periodic reviews 
would verify long-term 
effectiveness and permanence. 

Achieves RAOs immediately 
following construction. No 
significant risks to workers or the 
community.

Achieves RAOs immediately 
following construction. No 
significant risks to workers or the 
community.

Achieves RAOs immediately 
following construction. No 
significant risks to workers or the 
community.

Shoreline excavation and 
dredging (7130 cy). Excavation 
would be completed in-the-dry 
to the extent practicable 
followed by placement of slope 
cap. Low potential for water 
quality impacts or releases of 
material into surrounding areas.

Shoreline excavation and 
dredging (7130 cy). RExcavation 
would be completed in-the-dry 
to the extent practicable 
followed by placement of slope 
cap. Low potential for water 
quality impacts or releases of 
material into surrounding areas.

Shoreline excavation and 
dredging (7130 cy). RExcavation 
would be completed in-the-dry 
to the extent practicable 
followed by placement of slope 
cap. Low potential for water 
quality impacts or releases of 
material into surrounding areas.

Short-term impacts to water 
quality would be managed 
through engineering controls and 
BMPs.  Less potential for COC 
releases to water column than 
Alternatives 3 and 4.

Short-term impacts to water 
quality would be managed 
through engineering controls and 
BMPs.  Less potential for COC 
releases to water column than 
Alternative 4, but more than 
Alternative 2.

Short-term impacts to water 
quality would be managed 
through engineering controls and 
best management practices.  
Greatest potential for COC 
releases to water column.

Does not comply with 
ARARs.

Neither effective nor 
permanent.

No action, so not 
applicable.

Compliance With ARARs

Long-term 
effectiveness and
permanence

Short-term
effectiveness

Effectiveness



Table 7-1
Summary Comparative Analysis

Final Engineering Evaluation/Cost Analysis
Jorgensen Forge Facility 2 of 2

March 2011
080224-01

Action Alternative 1 Alternative 2 Alternative 3 Alternative 4

Technical feasibility Not Applicable.
Readily and reliably 
implemented.

Readily and reliably 
implemented.

Readily and reliably 
implemented.

Availability Not Applicable.
Services, equipment, and 
materials readily available.

Services, equipment, and 
materials readily available.

Services, equipment, and 
materials readily available.

Likely Likely Likely

The work will be completed on 
land owned by the Port. Access 
agreements are anticipated to be 
required for the work. 
Institutional controls are 
required to protect the cap, 
including deed restrictions if the 
property is sold.

The work will be completed on 
land owned by the Port. Access 
agreements are anticipated to be 
required for the work. 
Institutional controls are 
required to protect the cap, 
including deed restrictions if the 
property is sold.

The work will be completed on 
land owned by the Port. Access 
agreements are anticipated to be 
required for the work. 
Institutional controls are 
required to protect the cap, 
including deed restrictions if the 
property is sold.

Total Cost1 $0 $6,450,000 $6,590,000 $7,090,000 
Notes

1

2 Assumptions built into alternative costs

cy cubic yards

RAOs remedial action objectives

ARARs

PCB polychlorinated biphenyl

SQS Sediment Quality 

RvAL Removal Action Level

CWA Clean Water Act

ESA Endangered Species Act

applicable or relevant and appropriate requirements

Administrative feasibility No 

Total costs presented in 2010 dollars.  Long-term O&M costs assume $75,000 in Years 1, 3, 5, 10; 2008 dollars.  Assumed monitoring of 
sediment cap thickness, bathymetry survey, surface sediment characterization, sediment porewater characterization and monitoring 
completion reports.

Implementability
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NOTES:

1. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003).

2. Outfall locations field identified on May 14, 2003.

3. Surface sediment data queried from LDWG comprehensive LDW sediment
quality database and cooperative EPA and ACOE Triad Investigation results
(Herrera & ACOE 2008).

4. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property
line outfalls were surveyed during a low tide on August 28, 2008.

5. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the
Memorandum of Understanding between Boeing and EMJ/Jorgensen Forge,
dated August 2007 (EMJ et al. 2007).
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Figure 2-4
Surface Sediment Grain Size Percent Fines
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NOTES:

1. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003).

2. Outfall locations field identified on May 14, 2003.

3. Surface sediment data queried from LDWG comprehensive LDW sediment
quality database and cooperative EPA and ACOE Triad Investigation results
(Herrera & ACOE 2008).

4. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property
line outfalls were surveyed during a low tide on August 28, 2008.

5. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the
Memorandum of Understanding between Boeing and EMJ/Jorgensen Forge,
dated August 2007 (EMJ et al. 2007).
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E Seep Sampling Location (Windward, 2004b)
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Figure 2-5
Surface Sediment Total Organic Carbon Concentrations

Final EE/CA
Jorgensen Forge Facility
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Potential Scour Areas and Estimated Net Sediment Rates
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Figure 2-10
Subsurface Sediment Sample Locations
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" Shoreline (0-2 ft) Bank Samples (Farallon, 2004)
 

! Shoreline (0-1 ft) Bank Samples (Boeing, 2004)
. 

# Debris Pile Samples (Farallon, 2004) 

> Groundwater Monitoring Well 

E Seep Sampling Location (Windward, 2004b)

Active Outfall


f


Approximate Former Embayment 

} Fences

Federal Navigation Channel 

Removal Action Boundary

Debris Pile 

Property Boundaries

Boeing DSOA

Terminal 117 Early Action Area 5 Boundary 

NOTES: 

1. Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs
criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and
were compared to LAET and 2LAET Total PCBs critera. 

2. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 

3. Outfall locations field identified on May 14, 2003. 

4. Surface sediment data queried from LDWG comprehensive LDW sediment quality
database and cooperative EPA and ACOE Triad Investigation results (Herrera & ACOE
2008). 

5. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property line outfalls
were surveyed during a low tide on August 28, 2008. 

6. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the Memorandum of
Understanding between Boeing and EMJ/Jorgensen Forge, dated August 2007 (EMJ et al.
2007). 

7. Sediment Quality Standard (SQS) = 12 mg/kg-OC 

8. Lower Apparent Effects Threshold (LAET) = 0.13 mg/kg

9. Cleanup Screening Level (CSL) = 65 mg/kg-OC 

10. Second Lower Apparent Effects Threshold (2LAET) = 1 mg/kg 
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NOTES:

1. Sediment samples were OC-normalized and compared to SQS and CSL Total
PCBs criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-
normalized and were compared to LAET and 2LAET Total PCBs critera.

2. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003).

3. Outfall locations field identified on May 14, 2003.

4. Subsurface sediment data queried from LDWG Database and cooperative EPA
and ACOE Triad Investigation results (Herrera & ACOE 2008) in January 2009.

5. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property line
outfalls were surveyed during a low tide on August 28, 2008.

6. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the Memorandum
of Understanding between Boeing and EMJ/Jorgensen Forge, dated August 2007
(EMJ et al. 2007).

7. Sediment Quality Standard (SQS) = 12 mg/kg-OC

8. Lower Apparent Effects Threshold (LAET) = 0.13 mg/kg

9. Cleanup Screening Level (CSL) = 65 mg/kg-OC

10. Second Lower Apparent Effects Threshold (2LAET) = 1 mg/kg

LEGEND

#* Subsurface Samples (Anchor, 2005)
! Subsurface Sampling Locations (others)
" Shoreline (0-2 ft) Bank Samples (Farallon, 2004)
# Debris Pile Samples (Farallon, 2004)
E Seep Sampling Location (Windward, 2004b)

> Groundwater Monitoring Well

< Active Outfall

< Inactive Outfall

Sediment Management Unit Boundary

Toe of Riprap

Sheetpile Wall

Approximate Former Embayment
} Fences

Federal Channel

Removal Action Boundary

Debris Pile

Property Boundaries

Boeing DSOA

Terminal 117 Early Action Area 5 Boundary

0 - 1 22.31
1 - 2 85.15
2 - 3 206
3 - 4 1.67 U

4 - 4.8 11.6 U*

AJF-14

0 - 0.39 24.84
1 - 2 6.67
2 - 3 14.54
3 - 4 25.04
4 - 5 0.9
5 - 6 2.97

6 - 6.65 54.16

AJF-07

0 - 0.36 23.01
1 - 2 1.04 U
2 - 3 10 U*
3 - 4 8.17 U*
4 - 5 10.7 U*

5 - 5.7 9.31 U*

AJF-11

0 - 0.33 15.92
1 - 1.9 45.69
2 - 2.9 24.26
3 - 3.7 41.83
4 - 4.5 34.3*
5 - 5.6 19 U*

SD-217

0 - 0.33 17.82
1 - 2 14.55
2 - 3 36.85
3 - 4 73.68
4 - 5 42.74

5 - 5.9 23.13
6 - 7 118

7 - 7.7 94.79

SD-216

0 - 0.33 51.8
1 - 2 3.54
2 - 3 1.26 U
3 - 4 10.16 U

SD-313-S

0 - 1 23.14
1 - 2 0.79 U
2 - 3 1.06 U
3 - 4 8.28*
4 - 5 9.96 U*

5 - 5.85 10.7 U*

AJF-13

0 - 0.33 40.36
1 - 2 0.81 U
2 - 3 580 U*

3 - 3.3 224*

SD-314A-S

0 - 0.33 0.32
1 - 2 9.94

SD-214

0 - 0.33 2.95
1 - 2 13.47
2 - 3 1.68

SD-212

0 - 0.33 51.8
1 - 2 3.54
2 - 3 1.26 U
3 - 4 10.16 U

SD-313-S

0 - 0.33 11.44
1 - 2 61.45
2 - 3 0.18
3 - 4 0.07

SD-323-S

0 - 1 413
1 - 2 98.23
2 - 3 136
3 - 4 49.69
4 - 5 1.5

5 - 5.6 0.8 U

AJF-12

0 - 0.33 465
1 - 2 50.68
2 - 3 105
3 - 4 51.13
4 - 5 8.75
5 - 6 27.29

SD-322-S
0 - 0.33 28.24

1 - 2 35.44
2 - 3 103
3 - 4 115

4 - 4.8 88.24
5 - 5.8 19 U*
6 - 7 19 U*

SD-211

0 - 0.33 4.9
1 - 2 3.84

SD-210

0 - 1 1.19 U
1 - 2 15.98

SD-210D
0 - 0.33 2.86

1 - 2 1.23

SD-209

0 - 0.33 178
1 - 2 6.66
2 - 3 5.99
3 - 4 0.71 U

SD-319-S

0 - 0.33 506
1 - 2 66.11
2 - 3 51.63
3 - 4 13.06

SD-320-S
0 - 0.33 46.51

1 - 2 171
2 - 3 6.3*
3 - 4 0.52*

SD-312-S

0 - 0.33 179
1 - 2 150
2 - 3 399
3 - 4 618

SD-311-S0 - 0.33 28.3
3 - 4 8.69

SD-310-S

0 - 0.33 53.65
1 - 2 19.17
2 - 3 5.89

SD-2150 - 0.33 23.35
1 - 2 6.95

SD-208

0 - 0.33 6.91
1 - 2 7.28

SD-207

0 - 0.33 28.11
1 - 2 8.94

SD-213

0 - 0.33 11.96
1 - 2 12.14
2 - 3 5.23

SD-206

0 - 1 5.2
1 - 2 6.3

SD-205

0 - 1 2.94
1 - 2 6.29

SD-205D

0 - 1 17.51
1 - 2 10.72
2 - 3 12.64
3 - 4 0.31
4 - 5 7.03*

5 - 5.5 6.99*

AJF-15

0 - 1 0.35
1 - 2 38.43
2 - 3 72.09
3 - 4 39.2*
4 - 5 2.59*

5 - 5.4 10.2 U*

AJF-16

0 - 0.33 45.36
0 - 1.5 1.57 U

SD-318-S

0 - 0.33 25.79
1 - 2 14.29
2 - 3 40.83
3 - 4 13.51

SD-309-S

0 - 0.33 31
1 - 2 76.45
2 - 3 495
3 - 4 202

SD-317-S

0 - 1 4.87
1 - 2 6.46

SD-303

0 - 0.33 41.77
1 - 2 44.27
2 - 3 41.65
3 - 4 200

SD-316-S

0 - 0.33 46.51
1 - 2 171
2 - 3 6.3*
3 - 4 0.52*

SD-312-S

Total PCBs¹

Subsurface Core Station ID

PCB Concentration (mg/kg-OC)
PCB Concentration (μg/kg)
for TOC <0.5% or TOC >3%

Depth Interval in feet

< 0.5x SQS/LAET
< 0.5x SQS/LAET - SQS/LAET
SQS/LAET - CSL/2LAET
CSL/2LAET - 2x CSL/2LAET
> 2x CSL/2LAET
Non-detected Concentrations > SQS

Figure 2-12
Subsurface Sediment Total PCB Concentrations

Final EE/CA
Jorgensen Forge Facility
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LEGEND 
Surface (0-10 cm) Sediment Samples
Chromium (mg/kg dry wt.) 
! < 0.5x SQS( 

! 0.5x SQS - SQS( 

! 0.5x SQS - CSL( 

! CSL - 2x CSL( 

! > 2x CSL( 

" Shoreline (0-2 ft) Bank Samples (Farallon, 2004) 

! Shoreline (0-1 ft) Bank Samples (Boeing, 2004). 

# Debris Pile Samples (Farallon, 2004) 

> Groundwater Monitoring Well 

E Seep Sampling Location (Windward, 2004b)
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NOTES: 

1. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 

2. Outfall locations field identified on May 14, 2003. 

3. Surface sediment data queried from LDWG comprehensive LDW sediment
quality database and cooperative EPA and ACOE Triad Investigation results
(Herrera & ACOE 2008). 

4. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property
line outfalls were surveyed during a low tide on August 28, 2008. 

5. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the
Memorandum of Understanding between Boeing and EMJ/Jorgensen Forge,
dated August 2007 (EMJ et al. 2007). 

6. Sediment Quality Standard (SQS) = 260 mg/kg. 

7. Cleanup Screening Level (CSL) = 270 mg/kg. 
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NOTES:

1. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003).

2. Outfall locations field identified on May 14, 2003.

3. Surface sediment data queried from LDWG comprehensive LDW sediment
quality database and cooperative EPA and ACOE Triad Investigation results
(Herrera & ACOE 2008).

4. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property
line outfalls were surveyed during a low tide on August 28, 2008.

5. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the
Memorandum of Understanding between Boeing and EMJ/Jorgensen Forge,
dated August 2007 (EMJ et al. 2007).

6. Sediment Quality Standard (SQS) = 450 mg/kg.

7. Cleanup Screening Level (CSL) = 530 mg/kg.

LEGEND

Surface (0-10 cm) Sediment Samples
Lead (mg/kg dry wt.)
!( < 0.5x SQS
!( 0.5x SQS - SQS
!( SQS - CSL
!( CSL - 2 x CSL
!( > 2x CSL
" Shoreline (0-2 ft) Bank Samples (Farallon, 2004)
!. Shoreline (0-1 ft) Bank Samples (Boeing, 2004)
# Debris Pile Samples (Farallon, 2004)
> Groundwater Monitoring Well
E Seep Sampling Location (Windward, 2004b)

< Active Outfall

< Inactive Outfall
Sediment Management Unit Boundary
Toe of Riprap
Sheetpile Wall
Concrete Panel Wall
Approximate Former Embayment

} Fences
Federal Navigation Channel
Removal Action Boundary
Debris Pile
Property Boundaries
Boeing DSOA
Terminal 117 Early Action Area 5 Boundary

Figure 2-14
Surface Sediment Lead Concentrations

Final EE/CA
Jorgensen Forge Facility
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NOTES:

1. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003).

2. Outfall locations field identified on May 14, 2003.

3. Surface sediment data queried from LDWG comprehensive LDW sediment
quality database and cooperative EPA and ACOE Triad Investigation results
(Herrera & ACOE 2008).

4. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing property
line outfalls were surveyed during a low tide on August 28, 2008.

5. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the
Memorandum of Understanding between Boeing and EMJ/Jorgensen Forge,
dated August 2007 (EMJ et al. 2007).

6. Sediment Quality Standard (SQS) = 410 mg/kg.

7. Cleanup Screening Level (CSL) = 960 mg/kg.

LEGEND
Surface (0-10 cm) Sediment Samples
Zinc (mg/kg dry wt.)
!( < 0.5x SQS
!( < 0.5x SQS - SQS
!( SQS - CSL
!( CSL - 2x CSL
!( > 2x CSL
" Shoreline (0-2 ft) Bank Samples (Farallon, 2004)
!. Shoreline (0-1 ft) Bank Samples (Boeing, 2004)
# Debris Pile Samples (Farallon, 2004)
> Groundwater Monitoring Well
E Seep Sampling Location (Windward, 2004b)

< Active Outfall

< Inactive Outfall
Sediment Management Unit Boundary
Toe of Riprap
Sheetpile Wall
Concrete Panel Wall
Approximate Former Embayment

} Fences
Federal Navigation Channel
Removal Action Boundary
Debris Pile
Property Boundaries
Boeing DSOA
Terminal 117 Early Action Area 5 Boundary

Figure 2-15
Surface Sediment Zinc Concentrations

Final EE/CA
Jorgensen Forge Facility
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NOTES:

1. Bathymetry surveyed by Lower Duwamish Waterway Group (August
2003).

2. Outfall locations field identified on May 14, 2003.

3. Surface sediment data queried from LDWG comprehensive LDW
sediment quality database and cooperative EPA and ACOE Triad
Investigation results (Herrera & ACOE 2008).

4. The toe of the riprap slope, inactive 24-inch and 15-inch Boeing
property line outfalls were surveyed during a low tide on August 28,
2008.

5. The Boeing-EMJ/Jorgensen cleanup boundaries is identified in the
Memorandum of Understanding between Boeing and EMJ/Jorgensen
Forge, dated August 2007 (EMJ et al. 2007).

LEGEND
!( Does Not Exceed SMS SVOC Criteria
!( Exceeds SMS SVOC Criteria
! Surface (0-10 cm) Sediment Samples
#* Surface (0-10 cm) Sediment Samples (Anchor, 2005)
" Shoreline (0-2 ft) Bank Samples (Farallon, 2004)
!. Shoreline (0-1 ft) Bank Samples (Boeing, 2004)
# Debris Pile Samples (Farallon, 2004)
> Groundwater Monitoring Well
E Seep Sampling Location (Windward, 2004b)

< Active Outfall

< Inactive Outfall
Sediment Management Unit Boundary
Toe of Riprap
Sheetpile Wall
Concrete Panel Wall
Approximate Former Embayment

} Fences
Federal Navigation Channel
Removal Action Boundary
Debris Pile
Property Boundaries
Boeing DSOA
Terminal 117 Early Action Area 5 Boundary

Figure 2-16
Surface Sediment Sample SMS SQS

Exceedences for Non PCB and Metal Analytes
Final EE/CA

Jorgensen Forge Facility
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SOURCE: Windward Environmental, Inc. (2006b) 

Figure 2-17 
Sediment Porewater Sample Locations 

Final EE/CA 
Jorgensen Forge Facility 
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T05

MW-10 

Storage Area 

Area 4
 
SB-3 West Craven Vault

SB-18	 Melt
 
Bag
 Q1/Q2/Q3 VerticalJorgensen Forge Facility

007 Quench TanksHouse Oil/Water SeparatorCooling Tower 
MW-45	 Carpenter Shop

SB-16 

SB-13
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MW-11Petroleum Oil006 
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Heat Treat Area Clean/Dirty Soluble
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Boeing 2 Offsite OutfallPrevious Investigation and/or Remedial Action AreaArea Railroad Spur	 ELEV Elevation 
Terminal 117 Early Action Area 5 BoundaryApproximate Former EmbaymentToe of Riprap	 T27 Transformer 
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MW - Monitoring Well	 Fence 0 120Federal Navigation Channel
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SB-18 Soil Boring Locations (Farallon '04-'09) Below Ground Equipment Areas (not to scale) 

Figure 2-18 
Facility Map Showing Source Control Data Gap Investigation Soil and Groundwater Sampling Locations 
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PCB concentration results in micrograms per kilogram (ug/kg) 
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Assumes Surface Elevation of 19.7 Feet MLLW 
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Standards Second Lowest Apparent Effects Threshold 
Screening Level 

No Detecable PCB Concentrations Above the Listed 
Laboratory Reporting Limit 

Analyte reporting limit is raised due to a positive 
chromatographic interference. The compound is not detected 
above the raised limit but may be present at or below the limit 
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Figure 2-19 
Property Line Outfall PCB Concentrations 

Final EE/CA 
Jorgensen Forge Facility 
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NOTES:
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Memorandum of Understanding between Boeing and
 
EMJ/Jorgensen Forge, dated August 2007.MW-39 

SD-DUW314 
002 

SD-214-PL2 AJF-13SD 

SD-DUW315 

2. Early Action Area 5 boundaries approximate as shown in
SB-7SB-7 Lower Duwamish Waterway Remedial Investigation Report 

(Windward 2010).
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SD-216-PL2 

AJF-11SD 

3. Bathymetry surveyed by Lower Duwamish Waterway Group 
001 (August 2003). 

4. Outfall locations field identified on May 14, 2003.
 
SD-217-PL2 5. The toe of the riprap slope and inactive 24-inch and 12-inch 

Boeing property line outfall (combined discharge) were 
Boeing-Isaacson Property surveyed during a low tide in August 2008. 

Figure 6-1 
Alternative 2 Site Plan 

Final EE/CA 
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NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. 
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LEGEND:
 
SD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Feet
 
Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 

0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 

Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Capped 

Volume to be Dredged and Backfilled 

Volume to be Capped 

Erosion protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized 
and were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

5.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
6.	 Subsurface sediment data queried from LDWG database (July 2010). 
7.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
8.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
9.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
10.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
11.	 Mean lower low water elevation = MLLW 
12.	 Mean higher high water elevation = MHHW 

Figure 6-2 
Alternative 2 Cross Section A-A' 

Final EE/CA 
Jorgensen Forge Facility



   
   

   
   

   
 

Navigation Channel Horizontal

Dredge Tolerance of 10 Ft
 

Property B' 
Line 

B 
25 SMU Boundary SMU Boundary	 SMU Boundary SMU Boundary

Eastern SMU 320 Boundary of
SMU 4C SMU 4ANavigation15 Channel 

10 SD-DUW323 1 
SD-211-PL2 (4' N) 25 SMU 4B 

(6' S) 
0 4-Ft Excavation and Slope RegradingSD-DUW322 Followed by 4-Ft Slope Cap-5 -5 Ft MLLW

1Existing Mudline 
5-Ft Toe Keyway7-10 10 Ft 

Dredge 4 Ft Followed by 4-Ft Cap/Backfill1 
5 Dredge 5 Ft Followed by 5-Ft Cap 

-15 

1-20 1 1-Ft Overdredge Tolerance23-25 
Dredge 8 Ft Followed by 6-Ft Backfill to -17 ft MLLW

-30 

0	 40 80 120 160 200 
Federal Authorized Navigation Horizontal Distance in Feet
 
Channel Maintained at -15 Ft MLLW
 0  20  Plus 2 Ft Overdredge Tolerance 

Scale in Feet 

Cross Section B-B' 
(Looking Downstream) 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. 

Erosion protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
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LEGEND:
 3. Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs
Existing Mudline criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalizedSD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Feet 
Core Sample Location
 

and were compared to LAET and 2LAET Total PCBs criteria.
Post-Construction Grade 4. Cap versus backfill designation to be determined based on sediment concentrations


Sample Interval in Feet
 at bottom of designed removal elevation plus overdredge tolerance.Excavation Limit 
Greatest Concentration of Total PCBs 
and Metals Relative to SMS Criteria: 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 

0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 

2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Overdredge Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

5. Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7.	 Subsurface sediment data queried from LDWG database (July 2010). 
8.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
9.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
10.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12.	 Mean lower low water elevation = MLLW 
13.	 Mean higher high water elevation = MHHW 

Figure 6-3 
Alternative 2 Cross Section B-B' 

Final EE/CA 
Jorgensen Forge Facility
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LEGEND:
 

NOTES: 
1. Engineered cap to include isolation layer, erosion protection and habitat mix. 

Erosion protection requirements will vary by location, as determined during design. 
2. Federally authorized navigation channel last dredged at this location in 1999. 

Existing Mudline 
3. Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalizedSD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet 

Core Sample Location
 
and were compared to LAET and 2LAET Total PCBs criteria.

Post-Construction Grade 4. Cap versus backfill designation to be determined based on sediment concentrations

Sample Interval in Feet
 at bottom of designed removal elevation plus overdredge tolerance.Excavation Limit 

Greatest Concentration of Total PCBs 
and Metals Relative to SMS Criteria: 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 

CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Overdredge Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

5. Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7. Subsurface sediment data queried from LDWG database (July 2010). 
8. Sediment Quality Standard (SQS) = 12 mg/kg OC 
9. Cleanup Screening Level (CSL) = 65 mg/kg OC 
10. Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11. Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12. Mean lower low water elevation = MLLW 
13. Mean higher high water elevation = MHHW 

Figure 6-4 
Alternative 2 Cross Section C-C' 

Final EE/CA 
Jorgensen Forge Facility
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Property
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4-Ft Excavation and Slope Regrading
Followed by 4-Ft Slope Cap 
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NOTES: 
1. Engineered cap to include isolation layer, erosion protection and habitat mix. 
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LEGEND:
 
SD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Feet
 
Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 

CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

Erosion protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized 
and were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

5.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
6.	 Subsurface sediment data queried from LDWG database (July 2010). 
7.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
8.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
9.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
10.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
11.	 Mean lower low water elevation = MLLW 
12.	 Mean higher high water elevation = MHHW 

Figure 6-5 
Alternative 2 Cross Section D-D' 

Final EE/CA 
Jorgensen Forge Facility
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LEGEND:
 

NOTES: 
1. Engineered cap to include isolation layer, erosion protection and habitat mix. 

Erosion protection requirements will vary by location, as determined during design. 
2. Federally authorized navigation channel last dredged at this location in 1999. 

Existing Mudline 
3. Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalizedSD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet 

Core Sample Location
 
and were compared to LAET and 2LAET Total PCBs criteria.

Post-Construction Grade 4. Cap versus backfill designation to be determined based on sediment concentrations

Sample Interval in Feet
 at bottom of designed removal elevation plus overdredge tolerance.Excavation Limit 

Greatest Concentration of Total PCBs 
and Metals Relative to SMS Criteria: 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 

0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 

2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Overdredge Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

5. Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7. Subsurface sediment data queried from LDWG database (July 2010). 
8. Sediment Quality Standard (SQS) = 12 mg/kg OC 
9. Cleanup Screening Level (CSL) = 65 mg/kg OC 
11. Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
12. Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
13. Mean lower low water elevation = MLLW 
14. Mean higher high water elevation = MHHW 

Figure 6-6 
Alternative 2 Cross Section E-E' 

Final EE/CA 
Jorgensen Forge Facility 
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Horizontal Distance in Feet 
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Cross Section F-F' 
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LEGEND: 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Excavated and Capped 

160 200 220 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. 

Erosion protection requirements will vary by location, as determined during design. 
2.	 The cleanup boundary between the adjacent Boeing and EMJ/Jorgensen remedies is 

the toe of riprap elevation. This elevation was surveyed by Boeing and 
EMJ/Jorgensen representatives during a low tide in August 2008. 

3.	 The Boeing corrective measure is currently being reviewed by EPA. Therefore, the 
depth of removal and subsequent cap/backfill depth is unknown. The Boeing 
ACMER, dated December 2010, requires remedial alternatives that are anticipated 
to remove between 4 to 10 ft in the DSOA. This range of removal depths is shown 
here for illustrative purposes. The integration of the adjacent remedies at the toe of 
the riprap will occur during the design phase and be approved by EPA. 

4.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
5.	 Mean lower low water elevation = MLLW 
6.	 Mean higher high water elevation = MHHW 

Figure 6-7 
Alternative 2 Cross Section F-F' 

Final EE/CA 
Jorgensen Forge Facility 
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LEGEND: 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Dredged and Backfilled 

80	 100 

NOTES: 
1.	 The Boeing corrective measure is currently being reviewed by EPA. Therefore, the 

depth of removal and subsequent cap/backfill depth is unknown. The Boeing 
ACMER, dated December 2010, requires remedial alternatives that are anticipated 
to remove between 4 to 10 ft in the DSOA. This range of removal depths is shown 
here for illustrative purposes. The integration of the adjacent remedies at the toe of 
the riprap will occur during the design phase and be approved by EPA. 

2.	 Cap or backfill material will be placed following dredging to return mudline
 
elevations to existing elevations. Surface material will be sized based on an
 
evaluation of erosion potential.
 

3.	 The 2H:1V slopes shown extending from the Boeing-EMJ/Jorgensen cleanup 
boundary represent the anticipated stabile slope resulting from the shown dredge 
elevation. The constructed slope may very based on construction sequencing of the 
adjacent remedies. 

4.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
5.	 Mean lower low water elevation = MLLW 
6.	 Mean higher high water elevation = MHHW 
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Figure 6-8 
Alternative 2 Cross Section G-G' 

Final EE/CA 
Jorgensen Forge Facility 
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 E' MW-50 004 Active Outfall 

005 Inactive Outfall

AJF-16SD

F
 SD-DUW316 
SD-205-PL2 

Subsurface Sampling Location (Anchor 2005) 
MW-52G'
E
 Jorgensen Forge Facility Subsurface Sampling Location (Others)
SD-DUW317 

Soil Boring Sample (Farallon, 2004) 

SB-2  Groundwater Monitoring Well 

SD-DUW309 
008 JF02A AA'SD-206-PL2 Cross Section Location and Designation


SD-213-PL2 D' 
SD-DUW310SD-207-PL2 

SMU-1 SMU Boundary
 

AJF-14SD 

SB-3 

C'
 Approximate Former Embayment
007 4-Ft Bank Excavation and 4-Ft Slope Cap
 
SD-DUW311 

SB-4 4-Ft Dredge and 4-Ft Cap/Backfill006 
SD-DUW312 

2-Ft Dredge and  2-Ft BackfillMW-47 

005 B' 8-Ft Dredge and 6-Ft Backfill 
SB-5AJF-12SD 

SD-209-PL2Terminal 117
 SD-DUW320 

Early Action Area 5
 SD-210-PL2 

004 MW-6 1-Ft Dredge and 1-Ft Backfill
AJF-07SD 

SD-211-PL2 
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SD-DUW323 MW-44SD-DUW322 

B
 
4-Ft Dredge with Navigation Channel
 
Design and 4-Ft CapMW-43 

SB-6 MW-42 5-Ft Dredge and 5-Ft Cap 
003 

NOTES:
 
1. The Boeing-EMJ Jorgensen cleanup boundary identified in
 

Memorandum of Understanding between Boeing and
 

SD-212-PL2 

SD-DUW314 
002 EMJ/Jorgensen Forge, dated August 2007.MW-39SD-214-PL2 AJF-13SD 2. Early Action Area 5 boundaries approximate as shown in


SB-7 

SD-DUW315 

Lower Duwamish Waterway Remedial Investigation Report 
(Windward 2010).
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SD-216-PL2 

SD-217-PL2 

AJF-11SD 

3. Bathymetry surveyed by Lower Duwamish Waterway Group 
001 (August 2003). 

4. Outfall locations field identified on May 14, 2003. 
5. The toe of the riprap slope and inactive 24-inch and 12-inch 

Boeing property line outfall (combined discharge) were 
surveyed during a low tide in August 2008.Boeing-Isaacson Property 

Figure 6-9 
Alternative 3 Site Plan 

Final EE/CA 
Jorgensen Forge Facility
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(15' N)SMU 2 

Navigational Channel
Horizontal Dredge
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Dredging to -21 Ft MLLW to Allow 4-Ft Cap 
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Sheetpile/Concrete Panel Wall 
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Cross Section A-A' 
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NOTES: 
LEGEND: 
SD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Ft
 
Core Sample Location
 
Sample Interval in Ft
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Capped 

Volume to be Dredged and Backfilled 

Volume to be Backfilled 

1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 
protection requirements will vary by location, as determined during design. 

2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

5.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
6.	 Subsurface sediment data queried from LDWG database (July 2010). 
7.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
8.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
9.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
10.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
11.	 Mean lower low water elevation = MLLW 
12.	 Mean higher high water elevation = MHHW 

Figure 6-10 
Alternative 3 Cross Section A-A' 

Final EE/CA 
Jorgensen Forge Facility
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NOTES: 
1. Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 
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LEGEND:
 protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Cap versus backfill designation to be determined based on sediment concentrations 
at bottom of designed removal elevation plus overdredge tolerance. 

5.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7.	 Subsurface sediment data queried from LDWG database (July 2010). 
8.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
9.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
10.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12.	 Mean lower low water elevation = MLLW 
13.	 Mean higher high water elevation = MHHW 

SD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet
 

Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

Figure 6-11 
Alternative 3 Cross Section B-B' 

Final EE/CA 
Jorgensen Forge Facility
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NOTES: 
1. Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 

Fe
b 

17
, 2

01
1 

5:
35

pm
 d

ho
lm

er
 

\\
ga

la
\c

ad
\J

ob
s\

08
02

24
-jo

rg
en

se
n\

08
02

24
01

\E
EC

A
\0

80
22

40
1-

RP
-0

07
-E

EC
A

.d
w

g 
FI

G
 6

-1
2

LEGEND:
 protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Cap versus backfill designation to be determined based on sediment concentrations 
at bottom of designed removal elevation plus overdredge tolerance. 

5.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7.	 Subsurface sediment data queried from LDWG database (July 2010). 
8.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
9.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
10.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12.	 Mean lower low water elevation = MLLW 
13.	 Mean higher high water elevation = MHHW 

SD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet
 

Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and CappedBackfilled 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

Figure 6-12 
Alternative 3 Cross Section C-C' 

Final EE/CA 
Jorgensen Forge Facility
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NOTES: 
1. Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 
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LEGEND:
 
SD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Feet
 
Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

5.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
6.	 Subsurface sediment data queried from LDWG database (July 2010). 
7.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
8.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
9.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
10.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
11.	 Mean lower low water elevation = MLLW 
12.	 Mean higher high water elevation = MHHW 

Figure 6-13 
Alternative 3 Cross Section D-D' 

Final EE/CA 
Jorgensen Forge Facility
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NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999.

LEGEND: 3. 
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Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 
criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Cap versus backfill designation to be determined based on sediment concentrations at 
bottom of designed removal elevation plus overdredge tolerance. 

5.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7.	 Subsurface sediment data queried from LDWG database (July 2010). 
8.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
9.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
10.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12.	 Mean lower low water elevation = MLLW 
13.	 Mean higher high water elevation = MHHW 

SD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet
 

Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Capped 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

Figure 6-14 
Alternative 3 Cross Section E-E' 

Final EE/CA 
Jorgensen Forge Facility
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Integration of Adjacent Boeing-EMJ/Jorgensen 
Remedies within Transition Zone Adjacent to Toe 
of Riprap Cleanup Boundary will be Coordinated 
During the Design Process and Approved by EPA 

Existing Storage Building 
1 Ft Overdredge 

SMU Boundary TolerancePropertyF F'and Toe of Riprap Line SMU 
Existing25 Cleanup Boundary Boundary 
Fence

20 SMU 11Eastern Boundary of 
1Navigation Channel15 2 

10 
Boeing's Anticipated DSOA Corrective

5 Measure Target Dredge Depth (See Note 3) 4-Ft Excavation and Slope4' 10' Regrading Followed by0
 
4-Ft Slope Cap Inactive 24-inch PL Outfall &Existing Mudline ??-5 ? 15-inch Boeing PL OutfallAdditional Excavation to 

Construct Stable Slope (Combined Discharge)? ?-10 ? 
? ? 

-15 ?? ?
-20 ?? ? 

0 20 40 60 80 120 160 200 220 
Horizontal Distance in Feet 

0 20 

Scale in Feet 

Cross Section F-F' 
(Looking Downstream) 

LEGEND: 
NOTES: 

1. Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 
Existing Mudline protection requirements will vary by location, as determined during design. 

Post-Construction Grade 
2. The cleanup boundary between the adjacent Boeing and EMJ/Jorgensen remedies is 

the toe of riprap elevation. This elevation was surveyed by Boeing and EMJ/Jorgensen 

Excavation Limit 
representatives during a low tide in August 2008. 

3. The Boeing corrective measure is currently being reviewed by EPA. Therefore, the 

Overdredge Limit depth of removal and subsequent cap/backfill depth is unknown. The Boeing ACMER, 
dated December 2010, requires remedial alternatives that are anticipated to remove 

Volume to be Dredged and Capped/Backfilled between 4 to 10 ft in the DSOA. This range of removal depths is shown here for 
illustrative purposes. The integration of the adjacent remedies at the toe of the riprap 

Volume to be Excavated and Capped will occur during the design phase and be approved by EPA. 
4. Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
5. Mean lower low water elevation = MLLW 
6. Mean higher high water elevation = MHHW 
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Figure 6-15 
Alternative 3 Cross Section F-F' 

Final EE/CA 
Jorgensen Forge Facility
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G 
Downstream 

Integration of Adjacent Boeing-EMJ/Jorgensen 
Remedies within Transition Zone Adjacent to 
Cleanup Boundary will be Coordinated During 
the Design Process and Approved by EPA 

G' 
Upstream

20 

15 
Boeing-EMJ/Jorgensen 

Cleanup Boundary 
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10 

Existing Mudline5	 Boeing's Anticipated DSOA
and Post RemedyCorrective Measure Target 
Surface ElevationDredge Depth

4' 10' (See Note 1)
0
 

SMU-10 Target
 
Dredge Depth
 2' 

-5 1? ? ? ? ? ? ? ? 2
 4'

?
 

-10
 
SMU-9 Target
 
Dredge Depth


?
 1
?
 ? ? 2
 
-15 

0 
-20 

20 40 60 
Horizontal Distance in Feet 

0 10 

Scale in Feet 

Cross Section G-G' 
(Looking Shoreward) 

LEGEND: 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Volume to be Dredged and Capped/Backfilled 

Volume to be Dredged and Backfilled 

80	 100 

NOTES: 
1.	 The Boeing corrective measure is currently being reviewed by EPA. Therefore, the 

depth of removal and subsequent cap/backfill depth is unknown. The Boeing ACMER, 
dated December 2010, requires remedial alternatives that are anticipated to remove 
between 4 to 10 ft in the DSOA. This range of removal depths is shown here for 
illustrative purposes. The integration of the adjacent remedies at the toe of the riprap 
will occur during the design phase and be approved by EPA. 

2.	 Cap or backfill material will be placed following dredging to return mudline elevations to 
existing elevations. Surface material will be sized based on an evaluation of erosion 
potential. 

3.	 The 2H:1V slopes shown extending from the Boeing-EMJ/Jorgensen cleanup
 
boundary represent the anticipated stabile slope resulting from the shown dredge
 
elevation. The constructed slope may very based on construction sequencing of the
 
adjacent remedies.
 

4.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
5.	 Mean lower low water elevation = MLLW 
6.	 Mean higher high water elevation = MHHW 

Figure 6-16 
Alternative 3 Cross Section G-G' 

Final EE/CA 
Jorgensen Forge Facility 
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SD-DUW318 
AJF-15SD 

D 
SD-208-PL2 

SD-215-PL2 
SD-DUW319 

C 

LEGEND:

Boeing DSOA 

Outfall Z (Former 9A) 

Outfall Y (Former 10) 

Outfall 9 

Boeing Plant 2 Facility 
0 

Scale in Feet 

100 

Property Line 

Fence Line 

Federal Navigation Channel 

Proposed Removal Action Boundary 
Inactive 24-inch PL Outfall & 15-inch Boeing Outfall (Combined Discharge) Approximate Top of Bank 

JF01AR JF01B MW-51 
Sheetpile Wall 

Concrete Panel WallMW-5 F'JF01C 
SB-1 Toe of RiprapBoeing - EMJ/Jorgensen
 

G 009 Former Embayment Boundary
 

004 Active Outfall 
Cleanup Boundaries
 E' MW-50 

AJF-16SD
F SD-DUW316 005 Inactive Outfall 

SD-205-PL2 
Subsurface Sampling Location (Anchor 2005)

MW-52G'
E
 Jorgensen Forge Facility Subsurface Sampling Location (Others)
SD-DUW317 

Soil Boring Sample (Farallon, 2004) 
SB-2  Groundwater Monitoring Well 

008 JF02A AA'SD-206-PL2 
Cross Section Location and Designation
SD-213-PL2 SD-DUW309 D' 

SD-207-PL2 SD-DUW310 

AJF-14SD 

SB-3 SMU-1 SMU BoundaryC'
 Approximate Former Embayment
007 
4-Ft Bank Excavation and 4-Ft Slope Cap
 

SD-DUW311 
SB-4 5.5-Ft Dredge and 5.5-Ft Backfill
006 
SD-DUW312 

MW-46 

SD-DUW320 

2-Ft Dredge and 2-Ft Backfill

MW-47 

AJF-12SD 

SD-209-PL2 8-Ft Dredge and 6-Ft Backfill
Terminal 117
 005 B' 
Early Action Area 5
 SB-5SD-210-PL2 1-Ft Dredge and 1-Ft Backfill
MW-6004 

AJF-07SD 10.5-Ft Dredge and 10.5-Ft Backfill
SD-DUW323 MW-44 

SD-211-PL2 

SD-DUW313 

SD-DUW322 

B
 MW-43 
MW-42 

9.5-Ft Dredge and 9.5-Ft Backfill
 

SB-6 4-Ft Dredge and 4-Ft Backfill 
003 

MW-39 
NOTES:
 
1. The Boeing-EMJ Jorgensen cleanup boundary identified in
 

SD-212-PL2 

SD-DUW314 
002 Memorandum of Understanding between Boeing and 

SD-214-PL2 AJF-13SD EMJ/Jorgensen Forge, dated August 2007. 

SD-DUW315 

SB-7 2. Early Action Area 5 boundaries approximate as shown in 
Lower Duwamish Waterway Remedial Investigation Report 
(Windward 2010).
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SD-216-PL2 

001 3. Bathymetry surveyed by Lower Duwamish Waterway Group 
AJF-11SD (August 2003). 

4. Outfall locations field identified on May 14, 2003.
SD-217-PL2 5. The toe of the riprap slope and inactive 24-inch and 12-inch 

Boeing property line outfall (combined discharge) wereBoeing-Isaacson Property surveyed during a low tide in August 2008. 

Figure 6-17 
Alternative 4 Site Plan 

Final EE/CA 
Jorgensen Forge Facility



   
   

   
   

   
 

Melt Shop Storage BuildingA	 A' 

SMU Boundary SMU Boundary	 SMU Boundary 
Property

Line25 

20 Navigational Channel
Eastern Boundary of Horizontal Dredge15 Navigation Channel Tolerance of 10 Ft SMU 1A 

Sheetpile/Concrete Panel Wall
10 

2AJF-13SD 15 SMU 2 (15' N) 
10'0
 

-5
 SD-216-PL2 
Dredge 1 Ft Followed-10 Existing Mudline by 1-Ft Backfill ?1 

-15 1 2 1-Ft Overdredge Tolerance2 
1-20 1 3.53

-25 
Federal Authorized Navigation 1 

20 Dredge 10.5 Ft Followed by 10.5-Ft Backfill-30 Channel Maintained at -15 Ft
 
MLLW Plus 2-Ft Overdredge


-35 Tolerance 

0 40 80 120 160 200 280 300
 

Horizontal Distance in Feet
 
0  20 
  

Scale in Feet
 

Cross Section A-A' 
(Looking Downstream) 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 
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LEGEND:
 
SD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Feet
 
Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Backfilled 

Volume to be Backfilled 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

5.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
6.	 Subsurface sediment data queried from LDWG database (July 2010). 
7.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
8.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
9.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
10.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
11.	 Mean lower low water elevation = MLLW 
12.	 Mean higher high water elevation = MHHW 
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Figure 6-18 
Alternative 4 Cross Section A-A' 

Final EE/CA 
Jorgensen Forge Facility



 

   
   

   
   

   
 

Navigation Channel Horizontal
 
Dredge Tolerance of 10 Ft
 

Property B' 
Line 

B 
25 SMU Boundary SMU Boundary	 SMU Boundary SMU Boundary

Eastern SMU 320 Boundary of
SMU 4C SMU 4ANavigation15 Channel
 

10
 SD-DUW323 
SD-211-PL2 (4' N) 4-Ft Excavation and Slope15 SMU 4B Regrading Followed by(6' S) 2 4-Ft Slope Cap0 

SD-DUW322 
-5 Ft MLLW-5 1

1Existing Mudline 5-Ft Keyway7-10 10 Ft 2 
Dredge 5.5 Ft Followed by 5.5-Ft Backfill


-15
 
1-20 1 5 Dredge 9.5 Ft Followed by 9.5-Ft Backfill

3 
-25 1-Ft Overdredge Tolerance 

-30	 Dredge 8 Ft Followed by 6-Ft Backfill 

0 40 80 120 160 200 
Horizontal Distance in FeetFederal Authorized Navigation 

Channel Maintained at -15 Ft MLLW 0  20  
Plus 2-Ft Overdredge Tolerance 

Scale in Feet 

Cross Section B-B' 
(Looking Downstream) 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999.

LEGEND: 3. 
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Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 
criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Cap versus backfill designation to be determined based on sediment concentrations at 
bottom of designed removal elevation plus overdredge tolerance. 

5.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7.	 Subsurface sediment data queried from LDWG database (July 2010). 
8.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
9.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
10.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12.	 Mean lower low water elevation = MLLW 
13.	 Mean higher high water elevation = MHHW 

SD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet
 

Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

Figure 6-19 
Alternative 4 Cross Section B-B' 

Final EE/CA 
Jorgensen Forge Facility



   
   

   
   

   
 

PropertyC	 C'
Line

25 SMU Boundary SMU Boundary SMU Boundary 
SMU 3SMU 7 SMU 4A20 

Eastern Boundary of

Navigation Channel


10
 

15 

SD-DUW311 

SD-DUW319
5 (8' S) 4-Ft Excavation and Slope
0 1 Regrading Followed by

2 4-Ft Slope Cap
-5 

SD-209-PL2 
(16' S)Existing Mudline -8 Ft MLLW
 

-10
 5-Ft Keyway1 
1-Ft Overdredge Tolerance-15 61	 1 

93
-20 Dredge 2 Ft Followed Dredge 5.5 Ft Followed by 5.5-Ft Backfill

by 2-Ft Backfill 

0 40 80 120 160 200 
Horizontal Distance in Feet 

0  20  

Scale in Feet 

Cross Section C-C' 
(Looking Downstream) 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999.

LEGEND: 3. 
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Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 
criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Cap versus backfill designation to be determined based on sediment concentrations at 
bottom of designed removal elevation plus overdredge tolerance. 

5.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

6.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
7.	 Subsurface sediment data queried from LDWG database (July 2010). 
8.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
9.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
10.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
11.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
12.	 Mean lower low water elevation = MLLW 
13.	 Mean higher high water elevation = MHHW 

SD-DUW310 Core Sample Identification 
(2' S) Offset Distance in Feet
 

Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

Figure 6-20 
Alternative 4 Cross Section C-C' 

Final EE/CA 
Jorgensen Forge Facility
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D D' 
25 SMU Boundary	 SMU Boundary SMU Boundary SMU Boundary 

SMU 520 
SMU 6Eastern Boundary of15 Navigation Channel 

10 SMU 7 SD-DUW310 1-Ft Overdredge Tolerance

5
 (6' S)AJF-15SDSD-208-PL2 1 

(0.6' S) 4-Ft Excavation and Slope Regrading0 2 Followed by 4-Ft Slope Cap

-5
 Existing Mudline 

-8 Ft MLLW1-10 5-Ft Keyway 
-15 

6 

1	 Dredge 4 Ft Followed
3 Dredge 2 Feet Followed by 4-Ft Backfill-20 by 2-Ft Backfill 

0 40 80 120 160 200
 
Horizontal Distance in FeetHorizontal Distance in Feet
 

00 2200
 

Scale in FeetScale in Feet 

Cross Section D-D' 
(Looking Downstream) 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 
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LEGEND:
 
SD-DUW310 Core Sample Identification 

(2' S) Offset Distance in Feet
 
Core Sample Location
 
Sample Interval in Feet
 

Greatest Concentration of Total PCBs
 
and Metals Relative to SMS Criteria:
 

<0.5 x SQS/LAET (<6 mg/kg OC or <65 )g/kg )
 
0.5 x SQS/LAET - SQS/LAET (6 -12 mg/kg OC or 65 )g/kg - 130 )g/kg)
 
SQS/2LAET - CSL/2LAET (12 - 65 mg/kg OC or 130 )g/kg - 1000 )g/kg)
 
CSL/2LAET - 2xCSL/2LAET (65 - 130 mg/kg OC or 1000 )g/kg - 2000 )g/kg)
 
2xCSL/2LAET (>130 mg/kg OC or >2000 )g/kg)
 
Non-Detect Greater than the SQS/LAET Criteria (>12 mg/kg OC or >130 )g/kg)
 
Sample Not Taken
 

Existing Mudline 

Post-Construction Grade 

Excavation Limit 

Overdredge Limit 

Volume to be Dredged and Backfilled 

Volume to be Excavated and Capped 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999. 
3.	 Sediment samples were OC-normalized and compared to SQS and CSL Total PCBs 

criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 

4.	 Backfill material proposed in navigation channel to achieve stable slopes following 
removal outside the channel. No capping proposed in the navigation channel. 

5.	 Bathymetry surveyed by Lower Duwamish Waterway Group (August 2003). 
6.	 Subsurface sediment data queried from LDWG database (July 2010). 
7.	 Sediment Quality Standard (SQS) = 12 mg/kg OC 
8.	 Cleanup Screening Level (CSL) = 65 mg/kg OC 
9.	 Lowest Apparent Effects Threshold (LAET) = 130 )g/kg 
10.	 Second Lowest Apparent Effects Threshold (2LAET) = 1000 )g/kg 
11.	 Mean lower low water elevation = MLLW 
12.	 Mean higher high water elevation = MHHW 

Figure 6-21 
Alternative 4 Cross Section D-D' 

Final EE/CA 
Jorgensen Forge Facility



   
   

   
   

   
 

Property
E Line E' 

25 SMU 11SMU Boundary	 SMU Boundary SMU Boundary 
20 SMU 10 SMU 9 SMU 8
 
15
 Existing Mudline

Eastern Boundary of
10 Navigation Channel 4-Ft Excavation and Slope

Regrading Followed by5 SD-205-PL2 SD-DUW316 4-Ft Slope Cap
(19' N)0 1 

1-Ft Overdredge Tolerance2-5 Existing Mudline 
-9 Ft MLLW-10 1	 1 

5-Ft Keyway6	 71 
3 Dredge 2 Ft Followed

-15 
Dredge 5.5 Ft Followed by 5.5-Ft Backfillby 2-Ft Backfill-20 

-25 
0 20 40 60 80 100 120 140 160 180 

Horizontal Distance in Feet 
0  20  

Scale in Feet 

Cross Section E-E' 
(Looking Downstream) 

NOTES: 
1.	 Engineered cap to include isolation layer, erosion protection and habitat mix. Erosion 

protection requirements will vary by location, as determined during design. 
2.	 Federally authorized navigation channel last dredged at this location in 1999.

LEGEND: 3. 

El
ev

at
io

n 
in

 F
ee

t (
M

LL
W

)
 

Fe
b 

17
, 2

01
1 

5:
36

pm
 d

ho
lm

er
 

\\
ga

la
\c

ad
\J

ob
s\

08
02

24
-jo

rg
en

se
n\

08
02

24
01

\E
EC

A
\0

80
22

40
1-

RP
-0

08
-E

EC
A

.d
w

g 
FI

G
 6

-2
2
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criteria. Sediment samples with TOC <0.5% or TOC >3% were not OC-normalized and 
were compared to LAET and 2LAET Total PCBs criteria. 
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1 INTRODUCTION AND BACKGROUND 

This Preliminary Draft Biological Assessment (BA) is Appendix A to the Final Engineering 
Evaluation/Cost Analysis (EE/CA) and will assist the U.S. Environmental Protection Agency 
(EPA) in its review of the EE/CA removal action alternatives. 
 
On July 10, 2003, Earle M. Jorgensen (EMJ) entered into the Administrative Order on 
Consent (AOC; EPA Docket No. CERCLA-10-2003-0111) with the EPA to conduct an 
investigation to determine whether the Jorgensen Forge facility (Facility) located at 8531 
East Marginal Way South in Seattle, Washington, is or has been a source of polychlorinated 
biphenyls (PCBs) to Early Action Area 4 (EAA-4) adjacent to the Facility.  Sampling and 
analysis conducted by EMJ detected concentrations of PCBs and metals in the sediments and 
shoreline bank materials within EAA-4 adjacent to the Facility.  EPA determined that the 
detected chemical concentrations within a portion of EAA-4 adjacent to the Facility meet 
the criteria for initiating a non-time-critical removal action (NTCRA) under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA; 
EPA 2008a).   
 
For this reason, EPA and EMJ entered into the First Amendment to the AOC (EPA Docket 
No. CERCLA-10-2003-0111, 2008), which requires EMJ to prepare an EE/CA, this 
Preliminary Draft BA, and a Preliminary Draft Clean Water Act (CWA) Section 404 
Evaluation (Appendix B to the EE/CA) to conduct a removal action for affected sediments 
and associated shoreline bank within the EAA-4 adjacent to a portion of the Facility 
identified as the Removal Action Boundary (RAB).  The RAB is defined by the area where 
sediment chemical concentrations exceed the Washington State Department of Ecology 
(Ecology) Sediment Management Standard (SMS) Sediment Quality Standard (SQS) criteria 
and accounts for a number of site-specific characteristics discussed in Section 4.2.2 of the 
Final EE/CA.  EPA approved the RAB in a letter dated August 8, 2008 (EPA 2008b). 
 
The Boeing Company (Boeing) is conducting a sediment corrective action under the 
Resource Conservation and Recovery Act (RCRA) adjacent to and north/downstream of the 
RAB, within a portion of EAA-4 termed the Boeing Duwamish Sediment Other Area (Boeing 
DSOA).  The First Amendment to the AOC (EPA 2008a) incorporates the September 2007 
Memorandum of Understanding (MOU; EMJ et al. 2007) executed by EMJ, Jorgensen Forge, 
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and Boeing that administratively requires the coordination and cooperation of all parties.  
The Final EE/CA incorporates the requirements of the MOU. 
 

1.1 Project Setting 

The removal action will address sediments and the associated shoreline bank within the 
EAA-4 adjacent to the Facility on the eastern shoreline of the Lower Duwamish Waterway 
(LDW), at approximately River Mile (RM) 3.6 (Figure A-1).  The removal action is proposed 
to occur within the EPA’s LDW Superfund Site.  The Superfund Site extends from the mouth 
of the LDW to approximately RM 5, approximately 1.4 miles upriver from the Facility.  The 
LDW comprises the lower 11 miles of the Duwamish River.   
 
The setting of the LDW is heavily industrialized and the river shoreline is degraded 
throughout most of its length—especially within the first 5 miles inland from the mouth of 
the LDW, along the length containing the federally maintained navigation channel.  The 
Duwamish River was historically an estuarine wildlife habitat and remains an important 
migration corridor for several salmonid species listed under the Endangered Species Act 
(ESA).  The LDW is a transitional zone where anadromous fish migrate from freshwater 
streams to the ocean.  Out-migrating salmonids are vulnerable as they enter the LDW 
because of a lack of suitable habitat, as the shoreline is characterized by few shallow water 
areas with few places for salmon to rest and feed.   
 

1.2 Removal Action Boundary and Action Area  

The terms RAB and Action Area are used in this Preliminary Draft BA to discuss geographic 
areas relevant to the project.  RAB is a project boundary for the removal action identified in 
the Final EE/CA, while Action Area includes the area potentially affected directly or 
indirectly by the proposed removal action.  The basis for the Action Area takes into 
consideration removal action activities that pose potential impacts to listed species and their 
habitats.  For this project, these activities include dredging, capping, and shoreline bank 
reconfiguration, which can result in the temporary resuspension of sediments, shoreline 
soils, or contaminants in the water column.   
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Based on an evaluation of sediment chemistry and operational and engineering 
considerations, the EPA-approved (EPA 2008b) RAB is defined by the sediments and 
shoreline bank adjacent to the Facility shown in Figure A-2 and bounded by the following: 

• To the north/downstream by the in-water and shoreline bank sediment cleanup 
boundaries identified in the EPA-approved MOU (EMJ et al. 2007) 

• To the west by the Federal Navigation Channel, as well as a small 20-foot extension 
into the channel in one location adjacent to sediment sampling station  
SD-DUW322 

• To the south by the extension of the southern Facility property boundary into the 
LDW 

• To the east by the top of the shoreline bank slope along the central and northern 
portions of the Facility and the top of the sheetpile/concrete panel wall on the 
southern portion of the Facility 

 
The Action Area is defined as the area to be affected directly or indirectly by the federal 
action (50 CFR §402.02).  For this project, the action includes dredging, capping, placement 
of backfill and/or habitat material, and shoreline reconfiguration.  Some of these activities 
could result in the temporary resuspension of sediments or contaminants in the water 
column.  If the proposed activities are conducted during a time when no additional cleanup 
actions are taking place within the RAB, the Action Area will be defined as a 0.5-mile radius 
surrounding the proposed construction activities, as shown on Figure A-2.  This distance is 
chosen to be conservative to include all potential aquatic impacts related to the proposed 
actions. 
 

1.3 Project Timing 

Federal and state agencies have established work windows to be protective of potential 
effects to salmonids due to construction activity.  In-water work is typically required to 
occur during these windows when salmonids are unlikely to be present in the Action Area or 
may be present in low numbers.  In the LDW, the WDFW has recommended the following 
in-water work windows:  

• Salmon:  July 2 to March 2 
• Bull Trout:  October 1 to February 15 
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• Surf Smelt:  April 1 to August 31 

− Does not apply because there is no surf smelt spawning habitat (that is, 
sand/gravel substrate in the intertidal and upper intertidal area) in the project area 

• Pacific Herring:  May 1 to January 14 

− Does not apply due to there not being any herring spawning habitat (that is, 
eelgrass) in the project area 

• Sand Lance:  March 2 to October 14 

− Does not apply due to there not being any sand lance spawning habitat (that is, 
sand/gravel substrate in the intertidal and upper intertidal area in the project area)  

 
For these reasons, the window that applies to this work is October 1 to February 15 to 
account for salmon and bull trout species that could be impacted by the proposed project.  
The project is expected to span approximately 3.5 weeks of in-water work and approximately 
7 weeks to complete.  The specific project timing details will be developed during the design 
phase, after EMJ and Jorgensen Forge, in coordination with EPA and Ecology, have selected 
the removal action alternative.  
 
To reduce potential impacts associated with neighboring cleanup activities, the MOU 
requires that the adjacent Boeing DSOA corrective action and EMJ and Jorgensen Forge 
removal action occur concurrently, to the extent feasible.  The Boeing DSOA corrective 
action is currently in the design phase; therefore, their construction schedule is unclear.  
Delays in planning and design phases of these concurrent projects may result in delays to 
initiation of the removal action at the Facility. 
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2 PROJECT DESCRIPTION 

This section describes the proposed removal action technologies and alternatives defined in 
the Final EE/CA, including methods for construction and measures that will be taken to 
minimize impacts to listed species. 
 

2.1 Selection of the Recommended Alternative 

The recommended cleanup alternative will be selected by EPA following the integration of 
EPA and public comments on the Final EE/CA.  The recommended alternative will be 
formally identified and selected as the remedy in a Removal Action Memorandum prepared 
by EPA.  The Final BA will focus on the selected removal action alternative. This 
Preliminary Draft BA focuses on descriptions of the cleanup alternatives carried through the 
Final EE/CA alternatives evaluation.   
 
To assist with the development and evaluation of cleanup alternatives, the area within the 
RAB was divided into the 11 Sediment Management Units (SMUs)1

 

 shown in Figures A-3,  
A-4, and A-5.  The alternatives described in this section were carried through the Final 
EE/CA alternatives evaluation based on chosen cleanup technologies within each SMU.  The 
Final EE/CA refers to excavation as removal of material “in‐the‐dry,” typically using 
land‐based construction equipment from the upland side of the Facility.  Dredging refers to 
removal of material from the waterside typically using equipment mounted on barges. 

EPA required that each of the potential cleanup alternatives account for future navigational 
dredging within the Federal Navigation Channel, which constitutes the western edge of the 
RAB.  The regulated navigational depth is -15 feet mean lower low water (MLLW).  Review 
of the existing elevations shows that the current mudline elevations along the eastern 
boundary of the navigation channel are generally above this elevation, indicating that 
dredging may be required in the future.  The U.S. Army Corps of Engineers (USACE) 
submitted a letter to EPA dated August 3, 2010, stating that the final elevation of any cap 
placed within the Federal Navigation Channel should be 4 feet below the authorized 
elevation of -15 feet MLLW to account for 2 feet of payable overdredge allowance and 2 
additional feet of “vertical buffer zone” (USACE 2010).  In addition, this letter stated that 
                                                 
1 SMUs 1 and 4 are further divided into sub-SMUs. 
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caps placed adjacent to the channel need to account for a “horizontal buffer zone” of 10 feet 
outside the channel to account for horizontal positioning tolerances.  Per USACE’s request, 
the top elevation of the cap in the 10-foot horizontal offset would not need to be higher than 
-17 feet MLLW.  
 
The Final EE/CA evaluates four potential alternatives, one of which is a no action alternative 
and three that are active alternatives. The three alternatives are shown on Figures A-3, A-4, 
and A-5; the four alternatives are described in the following subsections. 
 

2.1.1 Alternative 1 – No Action 

No action would be undertaken under this alternative.  The Facility would remain in its 
current state, with no removal actions implemented.  
 

2.1.2 Alternative 2 – Slope Excavation and Containment, Variable Dredging 
Followed by Capping/Backfill, Capping without Dredging, and 
Subtitle D Disposal 

This alternative involves excavation of the shoreline bank to remove nearshore affected 
soils/sediment followed by:  

• Placement of a 4-foot slope containment including bank armoring and overlying sand 
and gravel mixture to promote slope stability, enhance habitat, and contain 
underlying contaminated fill in SMU-3, SMU-5, SMU-8, and SMU-11 

• Placement of a 2-foot cap to isolate low level surface sediment total PCB Removal 
Acton Level (RvAL)2

• 2-foot removal and 2-foot clean backfill material to remove all sediments with total 
PCB RvAL exceedances in SMU-7 and SMU-10 

 exceedances in SMU-1A and SMU-1B 

• 4-foot removal and 4-foot cap with development of step adjacent to channel with top 
of cap elevation of -17 feet MLLW to remove surface and subsurface sediments with 
total PCB RvAL exceedances and allow for integration of future navigational dredging 
in SMU-2 

                                                 
2  Based on the EPA’s direction in an August 8, 2008, letter (EPA 2008b), RvAL is used synonymously with SQS 
for screening of total PCBs data throughout this Preliminary Draft BA.  The total PCB RvAL is 12 mg/kg 
normalized for OC content.    
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• 4-foot removal and 4-foot cap/backfill to remove all sediments with total PCB RvAL 
exceedances currently identified in SMU-4A, SMU-4C, SMU-6, and SMU-9 

• 8-foot removal and variable depth backfill to removal all sediments with total PCB 
RvAL exceedances in SMU-4B 

 
All excavated/dredged material will be disposed at a permitted non-hazardous waste landfill. 
 

2.1.3 Alternative 3 – Alternative 2 with Dredging in SMU-1A and SMU-1B 

This alternative is very similar to Alternative 2, except that there would be 1-foot removal 
and 1-foot backfill in SMU-1A and 4-foot removal and 4-foot cap in SMU-1B to remove all 
sediments with total PCB RvAL exceedances.  Removal completed adjacent to the sheet pile 
wall and concrete panel wall would be offset from the wall by 5 feet to minimize potential 
impacts to the structural stability of the walls.   
 

2.1.4 Alternative 4 – Slope Excavation and Containment, Complete Removal 
of Total PCB Removal Action Level Exceedances Followed by Backfill 
Placement, and Subtitle D Disposal  

This alternative is very similar to Alternative 3 except that all in-water sediments with 
concentrations greater than the total PCB RvAL would be removed from the RAB.  
 
Removal and backfill for each SMU would include the following:  

• SMU-1A would have 1-foot removal and 1-foot backfill 
• SMU-1B, SMU-4A, and SMU-9 would have a 5.5-foot removal and 5.5-foot backfill 
• SMU-2 would have a 10.5-foot removal and variable depth backfill 
• SMU-4B would have a 8-foot removal and variable depth backfill 
• SMU-4C would have a 9.5-foot removal and 9.5-foot backfill 
• SMU-7 and SMU-10 would have a 2-foot removal and 2-foot backfill 

 
Removal adjacent to the sheet pile and concrete panel walls would be offset from the wall 
identical to Alternative 3. 
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2.2 Removal Action Technologies  

The recommended alternative for the removal action may include one or more of the 
following technologies:   

1. Bank excavation and placement of slope containment materials 
2. Backfill and armored (engineered) capping 
3. Dredging 

 
Each of these technologies and their anticipated construction methods is discussed in the 
following subsections.  
 

2.2.1 Bank Excavation and Slope Containment 

Each of the active alternatives (2, 3, and 4) includes identical bank excavation and placement 
of slope containment within SMU-3, SMU-5, SMU-8, and SMU-11 (Figures A-3, A-4, and A-
5).  This portion of the shoreline is degraded, containing elevated chemical concentrations 
above the SQS criteria, highly armored, and over steepened (approximately 1:1 horizontal to 
vertical [H:V]) slope) banks, derelict creosote-treated piles, remnant overhanging asphalt 
pads, and other types of debris.  The shoreline also generally lacks riparian cover except 
along the top of bank.  No shoreline reconfiguration is proposed in SMU-1, which is abutted 
by the adjacent sheet pile and concrete panel walls.  
 
SMU-3, SMU-5, SMU-8, and SMU-11 have been identified as potential contaminant sources 
to nearshore sediments due to bank soil/sediment SQS exceedances and the general presence 
of debris in these areas.  Bank excavation and subsequent placement of slope containment 
would prevent the elevated chemical concentrations from entering the aquatic environment.  
The habitat condition in SMU-3, SMU-5, SMU-8, and SMU-11 following completion of the 
reconfiguration will be substantially improved over existing conditions. 
 
The proposed bank reconfiguration extends from the top of the existing bank from 
approximately +19 to +20 feet MLLW down to 0 to +2 feet MLLW elevation.  The lower 
elevation range was used for planning purposes in the Final EE/CA and was selected based on 
tidal variations and the reach length of typical long reach excavators.  The recommended 
method for these activities will be to attempt to conduct excavation and capping occurring at 
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the lower elevations during low tides below the 0 feet to 2 feet MLLW elevation range, to 
facilitate doing this work in-the-dry from the landside.  
 
Existing derelict overhanging asphalt structures and debris would be removed from the bank 
prior to excavation and placement of slope containment.  Upon excavation to the target 
depths, inert debris identified along the new surface may be allowed to remain in place if it is 
determined that it would not affect the function of the overlying engineered cap.  An 
estimated 90 tons of debris would be removed and disposed of off-site. 
 
The shoreline excavation is proposed to occur over a total distance of 605 linear feet.  For the 
purposes of the Final EE/CA, the design excavation depth is 4 feet (includes 1-foot excavation 
tolerance) shoreward of the existing ground surface from the toe of slope upwards, with the 
resulting slope reconfigured to a gentler, more stable 2H:1V slope (Figures A-3, A-4, and A-
5).  The excavation (identical across Alternatives 2, 3, and 4) would result in the removal of 
approximately 6,000 cubic yards of impacted soil/fill and sediment, debris, and other 
encountered material and would create a gentler slope with increased intertidal habitat.   
 
Following excavation, slope containment materials will be placed along the full length and 
height of the reconfigured slope.  Based on experience at similar sites, and for the purposes of 
the Final EE/CA, the containment was assumed to be composed of a target 30-inch “filter” 
layer (sandy gravel to gravelly sand), overlain by a target 12-inch “armor” layer (riprap or 
cobble), further overlain by a target 6-inch layer of material augmented with habitat 
substrate (anticipated to consist of washed, 2-inch minus gravel).  The filter layer will act as 
the chemical isolation layer, the armor layer will function to protect the filter layer from 
erosion, and the habitat layer will provide the appropriate substrate for benthic and salmonid 
habitat.  Application of the slope containment would result in the placement of 
approximately 2,200 cubic yards of filter layer, 900 cubic yards of armor layer, and 
approximately 300 cubic yards of a habitat layer (for a total placement volume of 
approximately 3400 cubic yards) over approximately 0.38 acre.  The amount of armor 
material required will be minimized as much as possible during design to maximize habitat 
considerations while ensuring erosion protection. 
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The specific containment materials and configuration of the bank excavation would be 
determined during design.  The caps would be designed in general accordance with 
applicable EPA and USACE capping guidance and would include an evaluation of slope 
stability, propeller wash scour, isolation effectiveness for the identified chemical 
concentrations below the cap, erosion during design river discharge events, and seismic 
stability.  For the purposes of the Final EE/CA, the maximum shoreline containment slopes 
(2H:1V) and materials identified were consistent with regional embankment designs that 
meet modeled and proven seismic stability.  During design, appropriate seismic design 
criteria will be developed, and slopes and/or materials may be modified to ensure seismic 
stability.   
 

2.2.1.1 Construction Methods 

The recommended construction method for bank reconfiguration is land-based excavation 
and placement of slope containment in-the-dry, due to the advantages specified in Section 
5.4.1.1 of the Final EE/CA. 
 
Existing derelict creosote‐treated piles and debris would be removed within the shoreline 
area prior to excavation and slope containment (see Section 6.2.1.1 of the Final EE/CA).  Piles 
would be removed intact, if possible, using either vibratory extraction or dead‐line pull 
methods.  Piles that cannot be removed intact would be cut at or near the mudline.  
Following the excavation, some inert debris embedded in the shoreline beneath the design 
depth may remain in place if it is determined that it would not affect the function of the 
containment.  Removed piles and debris would be disposed at a permitted landfill. 
 
The excavation is expected to be completed with land-based earthmoving equipment (for 
example, excavators, front-end loaders, and dump trucks) to the extent possible based on 
equipment availability and water surface elevations.  The contractor would be allowed at 
least a 1-foot over-excavation allowance to account for equipment tolerances.  Impacted 
material is anticipated to be excavated, temporarily stockpiled at the Facility in an area that 
adequately contains the material, and then transferred into trucks and/or rail cars for 
transport to the selected disposal facility.  A contingency plan will be developed during the 
design process to respond to unanticipated conditions encountered during excavation (for 
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example, excessive groundwater seeps, buried debris, and stockpile drainage and 
containment).   
 
No bank or upland soils have been documented with total PCB greater than the Toxic 
Substances Control Act (TSCA) landfill trigger concentration (50 milligrams per kilogram 
[mg/kg]); therefore, the Final EE/CA assumes that all excavated soils and sediments will 
designated as non-hazardous/non-dangerous and disposed at a Subtitle D landfill.  These 
landfills have the ability to receive soil or wet dredged sediment delivered by rail.  Both 
types of facilities must have also received the required EPA approval for acceptance of 
sediment and soil generated at CERCLA sites.  
 
The slope containment is planned to be completed with the same type of land-based 
equipment used for the excavation.  Containment material is expected to be imported by 
land from the borrow quarry to the RAB with dump trucks or by water on barges.  The 
containment material will then be placed as engineered fill over the impacted soil and 
sediment.  The containment, armor, and habitat layer materials are anticipated to be placed 
in-the-dry to the based on the water surface elevations during construction.  The contractor 
would be allowed a minimum 0.5-foot overplacement allowance to account for equipment 
tolerances. 
 
If the dredging is conducted concurrently with the Boeing DSOA cleanup, construction in 
SMU-11 will be sequenced to limit excavation residuals and recontamination due to 
construction-related activities in either cleanup area and to ensure the target dredge depths, 
slope connections, and grades match along the toe of riprap cleanup boundary. 
 

2.2.1.2 Conservation Measures  

Conservation measures that may be applied to this work include: 

• The slope containment, armor, and habitat layer materials are anticipated to be placed 
in-the-dry to the extent possible.   

• To ensure proper containment placement, in situ cap materials will be placed in a 
controlled and accurate manner.   
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• Bathymetry information may be used in deeper areas to verify adequate coverage 
during and following material placement.   

• Sediment containment materials will be imported material that contains chemical 
concentrations at or below natural background chemical concentrations. 

• Surface booms, oil-absorbent pads, and similar materials will be on-site for any sheen 
that may occur on the surface of the water during construction.  

• If there is contaminated excavated material following construction that requires 
stockpiling and landfill disposal, proper sediment and erosion control methods will be 
implemented to contain the material and prevent any material from re-entering the 
waterway.   

• In addition to these measures, other conservation measures may be implemented as 
described in Section 2.3. 

 

2.2.2 Sediment Dredging 

The purpose of sediment dredging is to remove surface and subsurface sediments exhibiting 
elevated concentrations of chemicals of concern within the RAB and to dispose of them at an 
EPA-approved upland landfill.  This removal would serve to eliminate: 

1. Exposure to the highest risk surface sediments within the RAB  
2. A significant mass of contaminated sediments at depth from within the RAB 

 
For Alternative 2, sediment dredging is proposed within SMU-2, SMU-4A, SMU-4B,  
SMU-4C, SMU-6, SMU-7, and SMU-9, and SMU-10 (Figure A-3).  For Alternative 3, 
sediment dredging is identical to Alternative 2 but also includes dredging in SMU-1A and 
SMU-1B (Figure A-4).  For Alternative 4, dredging is proposed within all the SMUs included 
in Alternative 3, but dredge elevations are deeper in some SMUs to facilitate complete 
removal of the vertical extents of total PCB RvAL exceedances (Figure A-5).  
 
Dredge design is based on surface and subsurface exceedances of the total PCB RvAL (12 
mg/kg normalized for organic carbon [OC] content).  All other elevated concentrations of 
chemicals of concern within these SMUs would be remediated upon removal of total PCB 
concentrations above the RvAL.  The dredging would generally target the removal of the full 
depth of total PCB RvAL exceedances within each of these SMUs based on the existing 
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subsurface core PCB data.  Based on current information, the dredge cuts would vary in 
thickness between 1 and 10.5 feet and the contractor would be allowed an additional 
overdredge tolerance of 1 foot.  As described in the EPA letter dated September 6, 2005, the 
current data set for surface and subsurface sediment quality within the RAB is considered 
sufficient to facilitate the dredge design (EPA 2005).  If additional data is deemed necessary 
to facilitate the cleanup design following completion of the Final EE/CA, the additional 
information will be incorporated into later versions of this document.   
 
Post-dredge surveys will be performed to confirm contractor estimates of sediments removed 
from the target areas and to ensure that target depths are achieved.  If the post-dredge survey 
shows that the target elevations were not achieved, the contractor will perform the necessary 
additional dredging.  A final post-dredge survey will be performed to document the post-
construction mudline elevations.  Approximately 9,900 cubic yards is expected to be 
removed for dredging for Alternative 2; 11,000 cubic yards of material would be expected to 
be removed for dredging for Alternative 3; and 15,000 cubic yards of material proposed to be 
removed for dredging in Alternative 4. 
 
Dredging in all areas except SMU-2 and SMU-4B will be followed by the placement of clean 
material to bring the area back to existing grade.  The final elevations in the near channel 
portions of these SMUs will not be brought back to grade due to requirements to 
accommodate potential future maintenance dredging by the USACE within and directly 
adjacent to the federal navigation channel.  The clean material is anticipated to increase the 
habitat quality of the post-construction surface through placement of habitat substrate (for 
example, 2-inch minus material) in the upper 6 inches. 
 
The long-term monitoring requirements in each of the in-water SMUs will be based on the 
pre-removal sediment total PCB concentrations existing at the bottom of the designed dredge 
cut.  Total PCB concentrations that are above the RvAL will be designated cap material and 
concentrations below the RvAL will be designated as backfill material.  Areas designated as 
capped areas will include necessary long-term monitoring to assess the performance and 
integrity of the cap over time.  Areas designated as backfill material will have no long-term 
monitoring requirements, unless required by EPA to provide an evaluation of surface 
sediment concentrations based on ongoing river-wide sources of chemical concentrations.  If 
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required, this monitoring data would not trigger any corrective actions if upland sources 
from the Facility are documented as controlled.   
 

2.2.2.1 Construction Methods  

Dredging is anticipated to be completed using mechanical methods.  Specifically, dredging is 
expected to be performed using a clamshell bucket suspended from a crane mounted on a 
barge.  The dredge cuts in each SMU are expected to extend from the target dredge elevation 
out to the adjacent SMU boundary or federal navigation channel with temporary side slopes 
of 3H:1V (in-water) to 2H:1V (toe of shoreline bank) and daylight at the existing mudline or 
post-construction surface.  The selected contractor would be allowed at least a 1-foot 
overdredge allowance to account for equipment tolerances. 
 
The sediments removed during dredging would be placed on a barge equipped to hold 
dredged material and water and transported to and offloaded at an EPA-approved offloading 
facility.  The contractor would arrange and coordinate the offloading site, which is expected 
to be located on the LDW.  If a suitable offloading, rehandling, and dewatering site cannot be 
found nearby, it is possible that the dredged sediments could be loaded directly into 
containers that could be directly loaded onto truck chasses or railcars.  If a suitable 
offloading, rehandling, and dewatering site is identified, the material on the barge would be 
offloaded and treated to reduce water in the sediment prior to placement into trucks or 
railcars, or the material would be offloaded directly into trucks or railcars for transportation 
to an approved landfill.  If testing reveals that the material is suited for daily cover, such 
beneficial use would be sought at that time.   
 
Depending on water content of the sediments and external factors such as weather, an 
additive could be added to the dredged material to absorb excess water.  Alternatively, excess 
water could be released into a municipal sanitary sewer with the approval of the 
municipality and in compliance with applicable permits.   
 
Existing sampling information indicates that all of the dredged material in the RAB would 
have total PCB concentrations less than 50 mg/kg (concentration trigger for TSCA landfill 
disposal).  All dredged material proposed in Alternatives 2, 3, and 4 would be disposed of in a 
permitted RCRA Subtitle D landfill that meets state and federal requirements for properly 
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disposing of PCB‐contaminated solids.  Pursuant to the AOC, written notification will be 
provided (prior to any off-site shipment of hazardous substances from the Facility to an out-
of-state waste management facility) to the appropriate state environmental official in the 
receiving state and to EPA’s designated project coordinator of such shipment of hazardous 
substances.  The notification of shipments shall not apply to any off-site shipments when the 
total volume of such shipments will not exceed 10 cubic yards. 
 
If the dredging is conducted concurrently with the Boeing DSOA cleanup, construction in 
SMU-8, SMU-9, SMU-10, and SMU-11 will be sequenced to limit dredge residuals and 
recontamination due to construction-related activities in either cleanup area and to ensure 
the target dredge depths, slope connections and grades match along the in-water and toe of 
riprap cleanup boundaries. 
 

2.2.2.2 Conservation Measures 

Conservation measures that may be applied to this work include: 

• During transport and handling of sediment, adequate containment measures and 
inspections will be employed to minimize spillage. 

• GPS or Real Time Kinematic (RTK) will be used to ensure material removal from the 
proper locations and for correct bucket location during dredging. 

• Closed dredge buckets may be used on soft sediments; however, they have been found 
to be ineffective in firmer sediments in the LDW and other regional and national 
cleanup projects. 

• Regulation of dredging rates (time period of dredge and placement cycles) when 
water quality monitoring measures concentrations above corrective action triggers or 
when logistics limit placement of a buffer barge as an additional conservation 
measure. 

• Standard barge loading controls will be observed including no barge overfilling.  The 
barge would be loaded so that enough of freeboard remains to allow for safe 
movement of the barge and its material on its planned route. 

• No material shall be allowed to leak from the bins or overtop the walls of the barge. 
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• Equipment such as fuel hoses, oil drums, and oil or fuel transfer valves and fittings 
will be checked regularly for drips or leaks and shall be maintained to prevent spills 
to the river. 

• The dredged material will be disposed of in a manner consistent with its 
characterization.  Dredge material will be transported to an approved upland landfill.  
No material will be allowed to re-enter any waterway at the offloading site. 

• In addition to these measures, other conservation measures may be implemented as 
described in Section 2.3. 

 
The use of tight environmental controls during dredging (for example, no multiple bites, no 
dragging the bucket, no bottom stockpiling, and the use of shallow depth silt curtains and oil 
containment skirts and booms) to reduce the risk of suspended sediment migration will be 
incorporated into construction documents, such as a Construction Quality Assurance Project 
Plan, and established as a requirement for the selected contractor. 
 

2.2.3 Sediment Capping and Backfill 

The purpose of sediment capping is to physically and chemically isolate surface sediments 
exhibiting concentrations of chemicals of concern above the total PCB RvAL to limit 
exposure to elevated chemical concentrations in surface sediments within the RAB.  The 
only areas proposed for capping without first conducting dredging are in SMU-1A and  
SMU-1B in Alternative 2, as described in the following sections.  Upon completion of the 
selected remedy, the entire area of the RAB is proposed to be covered with a combination of 
capping, backfill, and clean material placement to a minimum depth of 45 centimeters, 
which is the EPA-directed vertical point of compliance for the removal action.  
 
As described in the Final EE/CA, material that is placed as part of the selected remedy will 
either be designated as backfill or engineered cap material.  This designation will be based on 
the pre-removal sediment total PCB concentrations that will either be at the bottom of the 
dredge cut or the sediment total PCB concentrations at the base of the engineered cap in 
areas where dredging is not conducted.  Total PCB concentrations that are above the RvAL 
will be designated cap material and concentrations below the RvAL will be designated as 
backfill material.  Both types of material placement have similar construction requirements, 
but the engineered cap includes armoring to provide physical and chemical isolation of 
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elevated chemical concentrations.  The specific cap configurations would be determined in 
the design in accordance with EPA (1998) and USACE guidance and would include at a 
minimum an evaluation of slope stability, wind wave analysis, propeller wash scour, isolation 
effectiveness for the identified chemical concentrations below the cap, erosion during design 
river discharge events, and seismic stability.  All materials used for capping are anticipated to 
be obtained from established upland borrow sources and should be free of large organic or 
other waste or debris.  All capping materials will have concentrations of all SMS-managed 
chemicals below the SQS criteria.  
 
For Alternative 2, an engineered cap is proposed based on the existing data set in SMU-1A, 
SMU-1B, SMU-2, SMU-4A, SMU-4C, and SMU-9.  Backfill is proposed for SMU-4B, SMU-6, 
SMU-7, and SMU-10 given the proposed removal in these areas will remove the full vertical 
extents of the total PCB RvAL exceedances (Figure A-3).  For Alternative 3, caps would be 
the same as Alternative 2, with the exception that SMU-1A would be designated as backfill 
(Figure A-4).  Alternative 4 would only include the placement of backfill material given the 
full vertical extents of total PCB RvAL would be removed (Figure A-5). 
 
As previously described, the isolation or engineered cap was assumed to be composed of a 30-
inch filter layer (sandy gravel to gravelly sand), overlain by a 12-inch armor layer (riprap or 
cobble), further overlain by a 6-inch layer of habitat substrate (anticipated to consist of 
washed, 2-inch minus gravel).   
 
Following the placement of the capping material, a bathymetric survey of capped aquatic 
areas will be completed to verify and document that the cover meets the design specification 
with allowable overplacement. 
 

2.2.3.1 Construction Methods 

Due to the mudline elevations within SMU-1A, SMU-1B, SMU-2, SMU-4A, SMU-4B, 
SMU-4C, SMU-6, SMU-9, and SMU-10, the capping and backfill activities will be staged 
from the water side working at higher tides as needed to provide the required draft for the 
equipment.  Cap and backfill materials are anticipated to be placed mechanically from a 
barge using a clamshell bucket.  The material will be placed with sufficient control to meet 
the design thickness and the contractor would be allowed at least a 6 inch overplacement 
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allowance to account for equipment tolerances.  Following the placement of the cap or 
backfill, a bathymetric survey of capped/backfilled aquatic areas will be completed to verify 
and document that the placed thickness meets the design specification.  
 

2.2.3.2 Conservation Measures 

Conservation measures that may be applied to this work are the same as those applying to 
slope containment (Section 2.2.1.2), but also include: 

• The amount of armor material required will be minimized as much as possible during 
design to maximize habitat considerations.   

• Other conservation measures may be implemented as described in Section 2.3. 
 

2.3 General Conservation Measures 

In addition to conservation measures previously described for each removal action element, 
the general conservation measures anticipated to be followed during the removal action are 
outlined in this section. 
 
Water quality in the project area will be monitored and compared against all applicable 
water quality standards to comply with the Water Quality Certification for the removal 
action.   
 
Due to the potential vessel traffic in the dredging and capping areas, operational controls (as 
opposed to a silt curtain or similar device) are considered the most effective measure for 
control of turbidity.  For example, construction activities can be progressively slowed until 
turbidity exceedances are no longer detected outside of the compliance boundary to 
minimize sediment suspension, or dredging cycle times can be decreased to decrease 
turbidity plumes until the suspended sediment settles.   
 
In-water work for this project will comply with the timing restrictions specified in the in-
water work window, when salmonids are expected to be either not present or present only in 
very low numbers.  In the LDW, the in-water work window extends annually from October 
1 to February 15 (USACE work window); thus, in-water construction activities would occur 
between these dates.   
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Operations will be stopped temporarily if listed species are observed as injured, sick, or dead 
in the project area to determine whether additional fish are present and to ensure that 
operations may continue without further impact.  NMFS Law Enforcement will be notified, 
and fish will be handled with care to ensure effective treatment or analysis of cause of death 
or injury.   
 
Prior to entering the water, all equipment will be checked for leaks and completely cleaned 
of any external petroleum products, hydraulic fluid, coolants, and other deleterious 
materials.   
 
A spill containment and control plan will be kept on site during construction activities and 
will contain notification procedures, specific cleanup and placement instructions for 
different products, quick response containment and cleanup measures that will be available, 
proposed methods for placement of spilled materials, and employee training for spill 
containment. 
 
The contractor will establish an Environmental Protection Plan (EPP), which prevents 
environmental pollution and minimizes environmental degradation during and as a result of 
construction operations, including consideration of noise levels, air, water, and land.  The 
EPP will establish and maintain quality control for environmental protection of all proposed 
actions.  Erosion and turbidity control measures will also be included in the EPP.   
 



 
 
 

Appendix A – Preliminary Draft Biological Assessment  March 2011 
Final EE/CA – Jorgensen Forge Facility A-20 080224-01 

3 SPECIES ACCOUNTS AND USE OF THE ACTION AREA 

Species under both National Marine Fisheries Service (NMFS) and U.S. Fish and Wildlife 
Service (USFWS) jurisdictions are addressed in this Preliminary Draft BA.  NMFS has 
identified threatened Puget Sound Chinook salmon (Oncorhynchus tshawytscha) and 
steelhead (Oncorhynchus mykiss) as potentially occurring in the project vicinity (NMFS 
2008; Table A-1).  USFWS has identified threatened Coastal-Puget Sound bull trout 
(Salvelinus confluentus) as potentially occurring in the project vicinity (USFWS 2008; 
Table A-1).  This provides for these species and their activities in the Action Area.  
 

Table A-1  
Species and Critical Habitat with Federal ESA Status That May Occur in the Action Area 

Common Name (Scientific Name) Jurisdiction ESA Status Critical Habitat 

Chinook salmon (Oncorhynchus tshawytscha) 
Puget Sound ESU 

NMFS Threatened Designated 

Steelhead (Oncorhynchus mykiss) Puget 
Sound DPS 

NMFS Threatened 
Under development; none 

proposed at this time 

Bull trout (Salvelinus confluentus) ESU, 
conterminous Coastal-Puget Sound DPS 

USFWS Threatened Designated 

Notes: 
ESU Evolutionarily Significant Unit 
DPS Distinct Population Segment 
 
USFWS and NMFS most current species lists and online materials are also included as 
Attachment 2. 
 

3.1 Puget Sound Chinook Salmon  

The Puget Sound Evolutionarily Significant Unit (ESU) of Chinook salmon is listed as 
threatened by the ESA and includes all naturally spawned populations of Chinook salmon 
from rivers and streams flowing into Puget Sound, including the Straits of Juan De Fuca from 
the Elwha River eastward; rivers and streams flowing into Hood Canal, South Puget Sound, 
North Puget Sound, and  the Strait of Georgia in Washington.  It also includes 26 artificial 
propagation programs.  Most Chinook salmon in this ESU exhibit an ocean-type life history.  
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Chinook salmon migrating through the Duwamish River estuary are of the Green/Duwamish 
River summer/fall population (Good et al. 2005).  Spring Chinook were historically present 
in the Green/Duwamish River basin, but are now considered extirpated (NMFS 2006).  The 
summer/fall Chinook salmon present now in the Green/Duwamish basin are ocean-type fish 
that rear in freshwater for a few months before migrating in the spring.   
 
Juvenile Puget Sound Chinook would be expected in the Action Area during their rearing 
and downstream migration in early March through late July (Meyer et al. 1981; Low and 
Myers 2002).  Juvenile Chinook are typically present in the LDW from several days to up to 
2 months (Grette and Salo 1986).  Adults would be present during their upstream migration 
in late June into early November, with large numbers entering the river by July (Williams et 
al. 1975; Frissell et al. 2000; Kerwin and Nelson 2000), and with many early immigrating 
Chinook salmon holding in the lower river until approximately mid-September (Ruggerone 
and Weitkamp 2004; Ruggerone et al. 2006).  Chinook salmon spawning is not known to 
occur in the LDW or in the streams flowing into the estuary and lower reaches of the 
waterway (Weitkamp and Ruggerone 2000).   
 

3.2 Puget Sound Steelhead  

The Puget Sound Distinct Population Segment (DPS) of steelhead is listed as threatened, and 
includes all naturally spawned anadromous winter-run and summer-run populations in 
streams in the river basins of the Strait of Juan de Fuca, Puget Sound, and Hood Canal, 
Washington, bounded to the west by the Elwha River (inclusive) and to the north by the 
Nooksack River and Dakota Creek (inclusive), as well as two winter-run steelhead hatchery 
stocks, the Green River and Hamma Hamma stocks. 
 
Steelhead have the most complex life history traits of any of the anadromous salmonids.  
They may spend anywhere from 1 to 4 years in freshwater (typically 2 to 3 years) and 
migrate to saltwater for another 1 to 6 years (typically 2 to 3 years).  Puget Sound steelhead 
are most abundant in northern Puget Sound and there are several rivers with summer and 
winter steelhead stocks, including the Duwamish River.  Summer Duwamish River steelhead 
are a non-native stock that occurs in very low numbers.  Winter steelhead are a native stock 
with some hatchery and wild production, occurring in much larger numbers.  
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Unlike other species of Pacific salmonids, some steelhead do not die after spawning and are 
capable of repeat spawning.  Only a small percentage of steelhead (an average of 8 percent 
overall among West Coast populations [Busby et al. 1996]) return to the spawning grounds 
for more than 1 year.  Steelhead that survive after spawning (mostly females) will out-
migrate to the marine environment.  These fish are capable of moving offshore in marine 
waters very soon after migrating from the river.  Repeat spawners may return after 1 or 2 
more years at sea. 
 
Generally, juvenile steelhead would be present in or near the Action Area during their 
outmigration from freshwater beginning mid-March through early June, mostly migrating 
directly to the open ocean and not rearing extensively in the estuarine or coastal 
environments (Burgner et al. 1992).  Because of their ability to spawn multiple times, adults 
could be present year-round.  
 

3.3 Coastal-Puget Sound Bull Trout  

The bull trout in the coterminous lower 48 states are listed as threatened under the ESA.  
Bull trout and Dolly Varden are the only char in the family Salmonidae native to 
Washington (King County DNR 2000a).  Currently, information on the distribution and life 
history of each species is not yet distinct because the species are biologically similar and 
methods to separate them are new and not widely applied (Bonar et al. 1997).  There is no 
survey protocol currently endorsed by the USFWS for establishing absence of bull trout, so 
its presence is assumed where there is suitable habitat (USFWS 1999).   
 
In Puget Sound, there are 15 subpopulations of native char, which include both bull trout 
and Dolly Varden (King County DNR 2000a).  In King County, known populations of self-
sustaining native char occur in the Skykomish, Cedar, and White River basins.  Observations 
of native char in King County have been recorded in the lower Green River and the 
Duwamish estuary, among other areas (King County DNR 2000a).  These observations do not 
necessarily indicate a self-sustaining population, as these fish exhibit complex migration 
strategies, including a marine component that is not widely understood. 
 
The population of bull trout occurring in the Green River is understood to exhibit an 
anadromous life history, rearing and spawning in freshwater, and maturing in the ocean.  
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Subadult and adult bull trout return to overwinter in lower mainstem rivers following their 
first summer in saltwater, before returning to saltwater the following spring (Kraemer 1994).  
Adults would return from August through November; adult anadromous bull trout could be 
migrating through the deeper waters of the Duwamish River during the removal action.  
Juveniles would out-migrate between May and early July, but given the project timing, 
juvenile bull trout would not be expected to occur in the project area during construction. 
 

3.4 Other Species 

Other species initially considered in this consultation include eulachon (Thaleichthys 
pacificus), bocaccio (Sebastes paucispinis), canary rockfish (Sebastes pinniger), Yelloweye 
rockfish (Sebastes ruberrimus), Steller sea lion (Eumetopias jubatus), leatherback sea turtle 
(Dermochelys coriacea), Humpback whale (Megaptera novaeangliae), and Southern resident 
killer whale (Orcinus orca).  These species were excluded from further analysis due to their 
unlikely presence in the Action Area as follows:   

• According to the NMFS’s status report on eulachon (2010), no substantial evidence 
was found that spawning stocks of eulachon occur within rivers draining into Puget 
Sound.  Additionally, NMFS concluded that although occasional occurrence has been 
reported, the Puget Sound area is not known to support established populations of 
eulachon (NMFS 2010).  For these reasons, the presence of eulachon in the RAB 
would be very unlikely.  

• The three rockfish species (bocaccio, canary, and yelloweye) are known to associate 
with rocky reefs, kelp canopies, and artificial structures such as piers and oil 
platforms.  Adult rockfish are found in deeper water as they age and increase in size,  
exhibiting strong site fidelity to rocky bottoms and outcrops. Yelloweye rockfish 
occur in the shallowest water range, occurring at depths of just 80 feet, but along with 
Bocaccio, they can be found at depths up to 1560 feet. The most common depth range 
among these fish is approximately 300 to 600 feet. The juvenile rockfish can be found 
at shallower depths, but typically around eelgrass beds, kelp forests, and other forms 
of in-water structures.  The waters in the LDW are not likely to be deep enough, or 
provide the type of substrate and cover (rocky outcrops and kelp/eelgrass beds) that 
these fish typically associate with, so it is concluded that these rockfish species would 
be very unlikely to be present in the RAB.   

http://www.google.com/url?sa=t&source=web&cd=3&ved=0CCoQFjAC&url=http%3A%2F%2Fwww.nmfs.noaa.gov%2Fpr%2Fspecies%2Ffish%2Fbocaccio.htm&ei=UnFsTPzyKZS4sQPc4IWTCA&usg=AFQjCNHxKM38pE0qV1aEQzEngo6B1hDz8Q�
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• The nearest Steller sea lion haul-out location is located off West Point just north of 
Elliott Bay.  Based on their infrequent use of central Puget Sound and high level of 
human activity typical of the LDW, Steller sea lions are very unlikely to be present in 
the Action Area during construction.   

• The leatherback sea turtle typically occurs in offshore locations and there are no 
documented sightings within Puget Sound; therefore, it is unlikely that this species 
uses Elliott Bay or the LDW.   

• Humpback whales, based on their infrequent use of Puget Sound and combined 
unsuitable habitat and high level of human activity typical of the LDW,  are 
considered extremely unlikely to be present in the Action Area at any time.   

• The Southern Resident killer whale is known to occur in Elliott Bay, with sightings 
occurring several times a year; however, due to the location of the removal action 
(RM 3.6 of the LDW), narrow waterway conditions, and the high level of human 
activity typical of the LDW, it is extremely unlikely to be present in the Action Area 
at any time. 

 

3.5 Pacific Salmonids Critical Habitat 

Critical habitat in the Action Area has been designated for the Puget Sound ESU of Chinook 
salmon and the Coastal-Puget Sound DPS of bull trout considered in this BA (see Table A-1).  
The ESA defines critical habitat under Section 3(5)(A) as “the specific areas within the 
geographical area occupied by the species, at the time it is listed on which are found those 
physical or biological features that are essential to the conservation of the species and which 
require special management consideration or protection; and specific areas outside the 
geographical area occupied by the species at the time it is listed…upon determination by the 
Secretary that such areas are essential for the conservation of the species.” 
 
Critical habitat for Puget Sound Chinook salmon was designated on September 2, 2005 (50 
CFR Part 226).  For bull trout, critical habitat was designated on September 26, 2005 (50 CFR 
Part 17).   
 
Once critical habitat is designated, Section 7 of the ESA requires federal agencies to ensure 
they do not fund, authorize, or carry out any action that will destroy or adversely modify 
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that habitat.  This requirement is in addition to the Section 7 requirement that federal 
agencies ensure that their actions do not jeopardize the continued existence of listed species.   
 
In rivers such as the Duwamish, the inshore extent of critical habitat for salmonids is defined 
by the ordinary high water mark (OHWM).  Thus, for this project, critical habitat in the 
Action Area includes the aquatic areas affected by the removal action extending landward to 
the OHWM.  The proposed offshore extent is the area that generally coincides with the 
maximum depth of the photic zone.   
 
The condition of critical habitat primary constituent elements (PCEs) in the Action Area for 
Chinook and bull trout is currently limited by the following factors: existing steep slopes, 
riprap, and sheetpile wall armoring; poor riparian vegetation conditions; and lack of complex 
shoreline habitat.   
 
Regarding these species, NMFS reviews the status of critical habitat affected by the proposed 
action by examining the condition and trends of PCEs throughout the designated area.  PCEs 
consist of the physical and biological features identified as essential to the conservation of the 
species.  The salmonid ESUs and DPSs considered in this assessment share many of the same 
habitats and have similar life history characteristics and requirements, and thus share the 
same PCEs.  Section 5.1.2.1 describes PCEs and potential project effects on PCEs.  
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4 ENVIRONMENTAL BASELINE 

The Action Area is situated along a developed shoreline of the LDW.  The removal action lies 
at RM 3.6 (Photo 1), and the removal action context is an industrial area with neighboring 
Boeing properties to the north and south along the river.  The project area and neighboring 
properties were constructed primarily on fill from dredged material when the river was 
straightened during the early to mid-twentieth century.  The area has a steep, armored 
shoreline and is flanked by bare ground and primarily non-native and low-growing 
vegetation. 
 

 
Photo 1 

Overview of project area, looking north; shoreline armoring is visible on the bank with sparse 

vegetation and sheet pile is present on south. 

 

To evaluate the environmental baseline of the project area, field visits have been conducted 
by Anchor biologists, and state and federal information was accessed for conditions near the 
removal action.  The assessment of potential project effects in this BA (see Section 5) is based 
on a set of ecological conditions in the Action Area that may affect listed species.  Sections 
4.1 through 4.3 describe the environmental baseline relative to these ecological conditions, 
grouped as biological, physical, and chemical conditions.   
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4.1 Biological Conditions 

4.1.1 Vegetation 

The developed shoreline and armoring extends essentially to the top of the bank, so 
opportunities for existing vegetation are limited (See Photo 1).  Where present, vegetation 
along the shoreline mainly consists of invasive Himalayan blackberry (Rubus armeniacus) 
and Douglas spirea (Spiraea douglasii; Photos 1, 2, and 3).   
 

 
Photo 2 

Typical shoreline vegetation conditions, looking south along the shore. 
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Photo 3 

Spirea growing along the shore, looking east.  

 

4.1.2 Non-listed Fish and Wildlife  

The project area provides habitat for non-listed fish and wildlife species, in addition to those 
species with federal and/or state status.  Washington Department of Fish and Wildlife 
(WDFW) has indicated that state priority wildlife species that may occur near the removal 
action include osprey and western pond turtle.  Non-listed salmonids identified by WDFW 
that may occur at the project area include Coho, pink, sockeye, and fall chum salmon 
(WDFW 2008a).   
 

4.1.3 Epibenthic Salmonid Prey  

Growth and survival of juvenile salmonids depends largely on the availability of certain 
epibenthic organisms that salmon prey upon (Simenstad et al. 1982).  Recently, monitoring 
studies evaluating juvenile salmon diets and prey items were conducted at several intertidal 
habitat restoration sites in the LDW (T-105, GSA Bench, and Kellogg Island, all 
approximately 3 miles downstream, and Turning Basin, approximately 1 mile upstream) 
(Cordell et al. 2001).  Results of these studies indicated that dominant intertidal epibenthic 
invertebrates that occur in the vicinity, including harpacticoid copepods and gammarid 
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amphipods, are important salmonid prey items, as are terrestrial insects.  Because these prey 
organisms typically favor smaller sand/mud substrates, the Action Area would be expected to 
contain these organisms in finer substrate areas such as the mudflat in the intertidal zone (see 
Section 4.2.1).  Much of the shallow water area in the Action Area, however, contains mostly 
riprap rock armoring, and sheetpile, which would not be expected to contain an abundance 
of these prey organisms.    
 

4.2 Physical Conditions 

4.2.1 Shoreline Armoring, Substrate, Slope, and Water Depth 

The shoreline of the project area is armored with rock riprap and sheetpile walls (Photo 3).  
The dominant substrate size is angular rock near the shore grading to mud and silt in the 
intertidal zone.  As the shoreline levels out from the bank, a mudflat is exposed at low tide 
(Photo 3).  Surface sediment percent fines adjacent to the shore were tested and found to 
contain less than 20 percent along the shoreline above the 0 feet MLLW elevation, ranged 
between 60 and 80 percent along the northwestern corner of shoreline, and ranged between 
20 and 60 percent along the middle/southern portion of the shore.  In general, the fines 
content increases with distance from the shoreline bank, indicating a lack of accretion along 
the mid-upper shoreline bank (Anchor and Farallon 2008). 
 
The LDW experiences tidal action due to its connection to Elliott Bay in Puget Sound, which 
is approximately 3.5 miles downriver to the northwest of the project.  Water depths along 
the shore thus range from several inches deep at low tide to several feet at high tide, at 
which time the water is higher and closer to the steeper portion of the bank.  Elevations in 
the Action Area range from approximately +12 feet at the existing top of bank to 
approximately -14 feet MLLW at the in-water extent of project work.  Shoreline slopes are 
approximately 1H:1V on the bank and grade down to approximately 2H:1V in the intertidal 
zone.   
 

4.2.2 Large Woody Debris 

Large woody debris (LWD) along riverine and estuarine shorelines contributes to juvenile 
salmon growth and survival by increasing habitat complexity, creating refuge habitat, and 
providing a substrate for primary producers (Bisson et al. 1987; Sedell et al. 1988).  In the 
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Action Area, LWD is absent due to the lack of woody debris sources and quiescent areas for 
it to collect in the waterway.  
 

4.3 Chemical Conditions 

4.3.1 Water Quality 

Ecology’s Aquatic Use Category sets criteria for the protection of spawning, rearing, and 
migration of salmon and trout, and other associated aquatic life.  Several different aquatic use 
categories have been assigned to various reaches of the Green-Duwamish River.  The reach 
of the Duwamish River from the mouth of the river at Elliott Bay to RM 11.0 is categorized 
for aquatic life use by King County as a “Salmon/Trout Rearing” area (King County 2005).  
 
The LDW and Duwamish River are on Ecology’s 303(d) 2004 list for not meeting dissolved 
oxygen (DO; greater than 6.5 milligrams per liter [mg/L]) and pH (within 6.5 to 8.5) criteria 
(Ecology 2004).  The Duwamish River near the Action Area is also on this list for DO and 
pH.  For DO, King County unpublished data from station 307 show two excursions beyond 
the criteria out of 57 samples collected between 1998 and 2002 near the project area.  For pH, 
King County unpublished data from station 307 (RM 4.1) show excursions beyond the pH 
criterion in all years between 1998 and 2001, and three excursions beyond the criterion out 
of four samples taken by the Muckleshoot Tribe during 1994 and 1995. 
 
Temperatures in the mainstem Duwamish River are high because measured temperatures in 
the Green River during the summer have peaked between 23 and 24 degrees C at stations in 
the Lower and Middle Green River.  The limiting factors analysis for Water Resource 
Inventory Area 9 (Green/Duwamish) states that in some years, this is probably of concern for 
adult Chinook migration up the Green River.  The analysis also stated that turbidity and TSS 
are possible factors of decline in terms of water column impacts for the Duwamish River, but 
that no information on duration was available.  The project area is not currently listed on 
Ecology’s 303(d) list for any chemical contaminants, nutrients, or bacteria, and the limiting 
factors analysis stated that risks to water column dwelling organisms are minimal (King 
County DNR 2000b).  
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4.3.2 Surface Sediment Quality 

The sediments within the RAB have been characterized during a number of investigations, 
most recently by Boeing (MCS 2004), EMJ and Jorgensen Forge (Anchor and Farallon 2006),  
a joint effort by USACE and EPA (Herrera and USACE 2008), and EPA (Windward 2007a, 
2007b).  The Duwamish Waterway Group—which comprises the City of Seattle, King 
County, the Port of Seattle, and Boeing—compiled the sediment quality information into a 
single database to ensure all parties have access to and use the same data set for sediment 
quality evaluations.  This database was used for the data summary and evaluations presented 
in the Final EE/CA.   
 
As discussed in Section 1, target sediment cleanup levels have not yet been established for 
use in the LDW Superfund Site.  For this reason, as directed by EPA, the sediment quality 
data within the vicinity of the Facility were compared to the SMS criteria (Chapter 173-204 
Washington Administrative Code [WAC]).  Evaluation of sediment quality data under the 
SMS is based on a tiered approach.  The initial evaluation includes a comparison of existing 
sediment quality data with the SMS SQS and Cleanup Screening Level (CSL) numerical 
criteria (see Table 2‐2 of the Final EE/CA).  Sediments that meet the SQS criteria are 
anticipated to have a low likelihood of adverse effects on biological resources that primarily 
dwell in the sediments (that is, benthic organisms).  An exceedance of the SQS numerical 
criteria, however, does not necessarily indicate adverse effects or toxicity, and biological 
testing may be used to further evaluate the potential for sediment toxicity regardless of the 
identified chemical concentration. 
 
Furthermore, the sediment toxicity may not correlate with the degree of the SQS 
exceedance.  The CSL (also known as the minimum cleanup level) is greater than or equal to 
the SQS and represents a higher level of risk to benthic organisms than SQS levels.  The CSL 
is defined as the maximum allowed chemical concentration and level of biological effects 
permissible at a cleanup site to be achieved by Year 10 following completion of a cleanup 
(Chapter 173-204 WAC).   
 
Per WAC Section 173-204, the SMS SQS and CSL criteria for organic chemicals (excluding 
ionizable organic compounds) are normalized to account for the total organic carbon (TOC) 
content of the sediments.  For LDW sediments, the recommended range for 
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TOC‐normalization is 0.5 to 3 percent TOC (Michelsen 1992).  Organic chemical with TOC 
concentrations outside this range were maintained on a dry weight basis and compared to 
the dry‐weight lowest apparent effects threshold  and second lowest apparent effects 
threshold values (PTI 1988).  Updated apparent effects thresholds have been developed and 
are considered useful for risk assessments by EPA, but EPA and Ecology currently do not 
recognize these updates as having a regulatory basis because these values have not undergone 
scientific or public/stakeholder review as required by the SMS regulations. 
 
A brief summary of these physical and chemical analytical chemistry results is provided in 
the following subsections.   
 

4.3.2.1 PCBs 

The majority of surface sediment PCB concentrations in the dredging/capping area are above 
the total PCB SQS criterion (12 mg/kg OC).  Surface sediment total PCBs concentrations 
were greater than two times the CSL criterion (65 mg/kg OC) in three general areas in the 
vicinity of the Action Area:  

1. Adjacent to a cluster of Boeing outfalls with documented historical and potentially 
ongoing releases north of the Facility  

2. Adjacent to the northwestern corner of the Facility 
3. Just north of the sheetpile wall along the southeastern portion of the Facility (Anchor 

and Farallon 2008) 
 

4.3.2.2 Metals 

No SQS exceedances for arsenic, cadmium, or silver were detected in the surface sediments 
in the potential dredging/capping areas.  Cadmium, chromium, lead, mercury, nickel, silver, 
and zinc concentrations in the upper bank area near the cluster of Boeing outfalls were 
greater than two times the CSL criteria.  The zinc concentrations detected in surface 
sediments adjacent to the northwestern corner of the Facility were greater than two times 
the CSL concentration.  Concentrations of chromium, lead, and zinc detected in surface 
sediment samples in the vicinity of the northern boundary of the sheetpile wall also were 
detected at concentrations greater than two times the CSL criteria.   
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4.3.2.3 Semivolatile Organic Compounds 

The majority of the surface sediment sampling stations in the potential dredging/capping 
areas exhibited semivolatile organic compound (SVOC) concentrations below the SQS 
criteria.  SVOCs detected above the SMS SQS criterion included the following: 
benzo(a)anthracene, bis(2-ethylhexyl)phthalate, butylbenzylphthalate, chrysene, 
dibenzofuran, fluoranthene, fluorene, phenanthrene, benzofluoranthenes, and polycyclic 
aromatic hydrocarbons (PAHs).  These detections occurred in samples at regular intervals 
along the shoreline at approximately elevation 0 feet MLLW to -1 feet MLLW.   
 

4.4 Summary of Existing Conditions in the Action Area 

In summary, habitat in the vicinity of the Action Area currently exhibits degraded 
conditions in many of the characteristics discussed in previous sections.  The shoreline of the 
removal action contains structures and lacks the vegetation typical of the surrounding area of 
the Duwamish River.  The sediments are degraded and require remediation.  Moreover, the 
context of the entire Action Area within the larger landscape is a developed zone with a long 
history and legacy of human activities. 
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5 EFFECTS OF THE PROPOSED ACTION AND EFFECTS DETERMINATIONS 

Sections 3 and 4 of this document defined the biological requirements of listed species and 
the environmental baseline of habitat in the Action Area.  This section addresses direct, 
indirect, and interrelated/interdependent effects of the proposed action on listed species and 
designated critical habitat within the Action Area.  Potential direct effects are those effects 
that occur at or very close to the time of the action.  Indirect effects are those that are caused 
by the proposed action and occur later in time, but still are reasonably certain to occur.  
Interrelated effects are those that are associated with a larger action and depend on the larger 
action for their justification.  Interdependent effects are those with no independent utility 
apart from the proposed action.   
 
The overall goal of the project is to improve sediment quality in the Action Area and reduce 
long-term risk to aquatic species.  Although some individual organisms may experience 
short-term adverse effects during construction, it is expected that the proposed removal 
action alternatives will provide lasting benefits for listed species by removing contamination 
in the RAB.  The completed removal action alternative, once selected, will provide a net 
long-term benefit to listed species and habitats. 
 
The listed species to be evaluated are limited to Pacific salmonids.  Effects to be analyzed 
include direct and indirect effects, effects to critical habitat, and any interrelated or 
interdependent effects that may occur.  
 

5.1 Project Effects  

5.1.1 Direct and Indirect Effects 

Potential direct and indirect effects on Pacific salmonids assessed for this project incorporate 
those resulting from disturbance to food sources, entrainment, water quality impacts, and 
alteration of nearshore habitat. 
 

5.1.1.1 Food Source 

As previously indicated, juvenile salmon diets in the project vicinity are tied to epibenthic 
prey organisms occurring in shallow water areas.  In-water work in this removal action will 
temporarily disturb existing epibenthic organisms and habitat in the dredging/capping area 
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and in areas where shoreline in-water work is to be completed (for example, piling and 
outfall removal).  As described in Section 4 of this Preliminary Draft BA, the substrate along 
the shore is highly modified and exhibits an abundance of armoring, resulting in less area for 
production of epibenthic salmonid prey on bottom substrates in these shallow water 
locations.  Although disturbances to benthic habitat will occur during removal action 
activities it is expected that—due to existing compromised habitat for salmonid prey and the 
context of the work area within an already disturbed landscape—impacts to juvenile 
salmonids via disturbance of the epibenthic prey community will be minimal.  Moreover, the 
overall purpose of conducting the removal of sediment contamination in the Action Area is 
to reduce exposure to existing contaminants and to provide long-term benefits to prey 
species, as well as salmonids, by significantly improving overall benthic habitat conditions. 
 

5.1.1.2 Entrainment 

Dredging operations are not expected to entrain juvenile salmonids.  Pressure waves created 
as the bucket descends through the water column will forewarn salmonids present within 
the area and will allow individuals time to avoid the mechanism.  In addition, for mechanical 
dredging, the clamshell jaws will be open during descent, which should reduce the 
likelihood of entrapping or containing fish (NMFS 2003).   
 

5.1.1.3 Water Quality 

Potential short-term water quality impacts may occur as a result of dredging and capping.  
Conservation measures (Section 2.3) and water quality monitoring will be implemented 
during these events.  The project team will be in active communication with EPA to ensure 
close coordination in the event of an exceedance. 
 
The following actions will be conducted that will minimize short-term water quality effects 
on fish:  

• All dredged sediments will be removed to an upland disposal location and any new 
cover or capping materials will be clean, which will have the long-term effect of 
sustaining a healthier invertebrate community and improve foraging opportunities for 
salmonids.   
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• Water quality in the Action Area will be monitored during dredging and capping, and 
additional actions will be taken to reduce short-term water quality impacts, if 
unacceptable water quality is observed (see Section 2.3). 

 
Water quality impacts and potential effects are discussed in detail in the following 
subsections. 
 

5.1.1.3.1 Dissolved Oxygen 

During dredging, suspension of anoxic sediment compounds may result in reduced DO in the 
water column as the sediments oxidize, but any reduction in DO beyond background is 
expected to be limited in extent and temporary in nature.  Based on a review of four studies 
on the effects of dredging on DO levels, LaSalle (1988) showed little or no measurable 
reduction in DO around dredging operations3

1. The relatively low levels of suspended material generated by dredging operations 

.  In addition, impacts to listed fishes due to any 
potential DO depletion around dredging activities is expected to be minimal for several 
reasons:  

2. Counterbalancing factors in the area, such as tidal or current flushing 
3. DO depletion typically occurs low in the water column 
4. High sediment biological oxygen demand created by suspended sediment in the water 

column is not common (LaSalle 1988; Simenstad 1988).   
 
During capping, material placed is not expected to result in a change in sediment oxygen 
demand (and resulting DO reduction) during transport through the water column.  There 
may be minor resuspension at the point of impact of the placed materials; however, this 
condition is expected to be temporary and localized, and the activity will be monitored by 
water quality testing.  Based on the previous information, during dredging and material 
placement, DO is not expected to drop to a level that will detrimentally impact salmonids 
that may occur in the area. 
 

                                                 
3 Bucket dredge operation in channel in New York; cutterhead dredge operation in Grays Harbor, Washington; 
hopper dredge operation in Oregon tidal slough; bucket dredging operation in widened portion of lower 
Hudson River, New York. 
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5.1.1.3.2 Exposure to Contaminants 

The primary goal of the dredging/capping activity is to reduce the potential exposure of 
aquatic organisms to chemical contaminants in the sediments.  As such, physical disruption 
of the contaminated sediments during dredging is necessary.  The dredging action could 
potentially cause a short-term increase in concentration of some chemicals in the water 
column in the immediate vicinity of the dredging because of resuspension of sediment or 
desorption of the contaminants from the sediment particles.  If present in the water near the 
dredge action, juvenile salmonids could experience increased exposure to contaminants, and 
if this condition persists over a long period, exposure could present a risk of increased 
bioaccumulative chemicals in tissue.  Suspended sediment increases that may occur during 
dredging, however, are expected to be short-term and localized.  The timeline for the 
potential for exposure related to dredging is expected to occur intermittently during the 
approximately 3.5 weeks of the in-water work window during construction.  Moreover, the 
in-water work window is set for the time when very few juvenile salmon are expected to be 
in the vicinity.  
 
The duration of the project and the timing of in-water work to coincide with the USACE in-
water work window suggest a low chance of listed fish experiencing exposure to sediment 
contaminants and an even lower chance of fish experiencing harmful exposure.  In addition, 
following dredging, the concentration at the leave surface (the surface left after dredging) 
will be lower than the existing surface, thereby reducing existing exposure levels to aquatic 
organisms over the long term.  
 
There is a small chance that fish could also be exposed to contaminants because of accidental 
spills from construction equipment; however, spills and accidental releases of dredged 
material during handling will be minimized and mitigated by implementing standard and 
appropriate material handling and containment procedures as described in Section 2.2.    
 

5.1.1.3.3 Turbidity  

There may be temporary increases in turbidity due to dredging and capping activities; 
however, turbidity is expected to be limited, short-term, and localized and is not expected to 
result in any long-term effects because of the proposed action.   
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The mechanisms by which mechanical clamshell dredging causes increased suspended 
sediment concentrations include the impact and withdrawal of the bucket from the 
substrate, the washing of material out of the bucket as it moves through the water column, 
and the loss of water as the sediment is loaded onto the barge (Hayes et al. 1984; Nightingale 
and Simenstad 2001).  The duration of the highest turbidity exposure is expected to be hours, 
because construction operations are not likely to occur on a continuous, 24-hour-a-day, 7-
day-a-week schedule.  For this reason, the most turbid conditions will be reduced during 
times of no construction activity and will increase again during the next construction period.  
This condition will be sustained over a period of 3.5 weeks of the in-water work window 
during dredging and in-water activities.    
 
Research has shown that turbidity increases due to mechanical dredging are typically short-
term and localized in nature and are close to the bottom of the water column.  Suspended 
sediment concentrations vary throughout the water column, with larger plumes typically 
occurring at the bottom closer to the point of dredging.  Even without suspended sediment 
controls, plume size decreases exponentially with movement away from the point of 
dredging both vertically and horizontally.  In addition, increases in turbidity that result from 
dredging activities are typically of much less magnitude than increases caused by natural 
storm events (Nightingale and Simenstad 2001).   
 
For capping, material placement is not expected to result in a significant increase in turbidity 
during transport through the water column.  There may be minor turbidity increases in the 
water column near the point of placement; however, this condition is expected to be 
temporary and localized, and the activity will be monitored by water quality testing.  
Regardless, during dredging and material placement, turbidity is not expected to elevate to a 
level that will detrimentally impact salmonids that may occur in the area. 
 
Generalized turbidity effects on fish depend on the amount and timing of exposure (NMFS 
2004).  Because salmonids have evolved in systems that periodically experience short-term 
pulses of high suspended sediment, they are adapted to such exposures.  For this reason, adult 
and larger juvenile salmonids may be affected little by the high concentrations of suspended 
sediments that occur during storm and snowmelt runoff episodes (Bjorn and Reiser 1991), 
although these events can produce behavioral effects, such as gill flaring and feeding changes 
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(Berg and Northcote 1985).  Some studies have shown that in waters with periodic turbidity 
equivalent to 23 nephelometric turbidity units (NTUs), predation on salmonids may be 
reduced (Gregory 1993; Gregory and Levings 1998), an effect that may improve overall 
survival. 
 
The potential effects of increased turbidity on salmonids with regard to dredging activities 
have been investigated in a number of studies (Servizi and Martens 1987, 1992; Emmet et al. 
1988; Simenstad 1988; Redding et al. 1987; Berg and Northcote 1985; Noggle 1978; 
Mortensen et al. 1976).  There are several mechanisms of effect for suspended sediment 
levels during dredging, including direct mortality, gill tissue damage, physiological stress, 
and behavioral changes.  Each of these potential effects with respect to dredging is discussed 
in the following subsections.  
 

5.1.1.3.4 Direct Mortality 

Direct mortality from extremely high levels of suspended sediment has been documented at 
concentrations far exceeding those caused by typical dredging operations.  Laboratory studies 
have consistently found that the 96-hour median lethal concentration (LC50) for juvenile 
salmonids occurs at levels above 6,000 mg/L (Stober et al. 1981; Salo et al. 1980; LeGore and 
DesVoigne 1973). Typical samples collected adjacent to dredge locations (within 
approximately 150 feet), however, contain suspended sediment concentrations between 50 
and 150 mg/L (Palermo et al. 1990; Havis 1988; Salo et al. 1979).   
 
Based on an evaluation of seven clamshell dredge operations, LaSalle (1988) determined that 
suspended sediment levels of less than 700 mg/L at the surface and less than 1,100 mg/L at 
the bottom would represent the upper limit concentration expected adjacent to the dredge 
source (within approximately 300 feet).  This concentration would decrease rapidly with 
distance due to settling and mixing.  Concentrations of this magnitude could occur at 
locations with fine silt or clay substrates.  Much lower concentrations (50 to 150 mg/L at 150 
feet) are expected at locations with coarser sediment.   
 
Because direct mortality occurs at turbidity levels that far exceed typical dredging operations, 
direct mortality from suspended sediment is not expected to occur during this removal 
action. 
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5.1.1.3.5 Gill Tissue Damage 

Studies indicate that suspended sediment concentrations occurring near dredging activity are 
generally not high enough to cause gill damage in salmonids.  Servizi and Martens (1992) 
found that gill damage was absent in underyearling Coho salmon exposed to concentrations 
of suspended sediments lower than 3,143 mg/L.  Redding and others (1987) also found that 
the appearance of gill tissue was similar for control fish and those exposed to high, medium, 
and low concentrations of suspended topsoil, ash, and clay.  Based on the results of these 
studies, juvenile and subadult salmonids, if present, are not expected to experience gill tissue 
damage even if exposed to the upper limit of suspended sediment concentrations expected 
during dredging.   
 

5.1.1.3.6 Physiological Stress 

Suspended sediments have been shown to cause physical stress in salmonids, but at 
concentrations higher than those typically caused by dredging.  Subyearling Coho salmon 
exposed to suspended sediment concentrations above 2,000 mg/L were physiologically 
stressed, as indicated by elevated blood plasma cortisol levels (Redding et al. 1987).  Exposure 
to approximately 500 mg/L of suspended sediment for 2 to 8 consecutive days also caused 
stress but to a much lesser degree (Redding et al. 1987; Servizi and Martens 1987) than 
exposure to concentrations above 2,000 mg/L.  At 150 to 200 mg/L of glacial till, no 
significant difference in blood plasma glucose (a stress indicator) concentrations were 
observed.  These results indicate that upper limit suspended sediment conditions near 
mechanical dredging activity of fine silt or clay (700 to 1,100 mg/L) can cause stress in 
juveniles if exposure continues for an extended period of time.  Continued exposure is 
unlikely, however, due to the tendency for unconfined salmonids to avoid areas with 
elevated suspended sediment concentrations (Salo et al. 1980) and the intermittent nature of 
dredging operations.  Typical sediment plumes caused by dredging do not create suspended 
sediment concentrations high enough to cause stress in juvenile salmonids (CSTF 2003). 
 

5.1.1.3.7 Behavioral Effects 

Behavioral responses to elevated levels of suspended sediment include feeding disruption and 
changes in migratory behavior (Servizi 1988; Martin et al. 1977).  Several studies indicate 
that salmonid foraging behavior is impaired by high levels of suspended sediment (Bisson 
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and Bilby 1982; Berg and Northcote 1985).  Redding and others (1987) demonstrated that 
yearling Coho and steelhead exposed to high levels (2,000 to 3,000 mg/L) of suspended 
sediment did not rise to the surface to feed.  Yearling Coho and steelhead exposed to lower 
levels (400 to 600 mg/L), however, actively fed at the surface throughout the experiment.  In 
these instances, the thresholds at which feeding effectiveness was impaired greatly exceeded 
the upper limit of expected suspended solids during dredging. 
 
Adult migration may also be subject to disruption from suspended sediment.  Adult 
salmonids are not necessarily closely associated with the shoreline and are less vulnerable to 
adverse impacts if they encounter turbid conditions.  Whitman and Miller (1982) used 
volcanic ash from the eruption of Mount St. Helens to recreate highly turbid conditions 
faced by returning adult salmon.  This study showed that, despite very high levels of ash, 
adult male Chinook were still able to detect natal waters through olfaction even when 
subjected to 7 days of total suspended sediment levels of 650 mg/L.  Therefore, migratory or 
feeding disruptions are not expected to occur from dredging activities. 
 

5.1.1.4 Alteration of Nearshore Habitat 

The LDW is a migratory corridor for juvenile and adult salmonids discussed in this 
Preliminary Draft BA (Section 3).  Nearshore habitat in the project area used by salmonids 
will be affected in the short term due to dredging and capping activities that will disturb 
and/or cover existing sediments.  However, no permanent loss of salmonid habitat is 
expected to occur in the Action Area.  The proposed work will improve nearshore habitat by 
removing contaminants from the system and the net effect will be an improvement over 
existing conditions.   The nearshore habitat that is being affected is contaminated and is 
located in an industrial area containing shoreline armoring with frequent vessel traffic, 
which may limit function as nearshore habitat.  Moreover, a key purpose of the 
dredging/capping is to improve long-term habitat quality in the Action Area.  
 
As described in Section 2, conservation measures will be taken to avoid unnecessary impacts 
and minimize the negative effects of this action.  The overall effect of the proposed removal 
action alternatives on shoreline habitat is expected to be minimal because existing conditions 
in the project area are already heavily industrialized, existing and proposed substrate size is 
similar, and fish use of the area is currently compromised.  Post-removal action conditions in 
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nearshore habitat will provide benefits for salmonid species relative to existing conditions, 
and the overall effect of the action is expected to be a net benefit to listed species.   
 

5.1.2 Effects on Critical Habitat 

5.1.2.1 Primary Constituent Elements 

The National Oceanic and Atmospheric Administration (NOAA; 2005) and USFWS (2005) 
have identified PCEs (that is, physical and biological features) essential to the conservation of 
Chinook salmon and bull trout.  The Action Area is located at RM 3.6 of the LDW, within 
the Duwamish Estuary (RM 0 to 11; Green/Duwamish and Central Puget Sound Watershed 
WRIA 9 Steering Committee 2005) and downstream of Chinook spawning and rearing areas 
(WDFW 2008b).  The Action Area is therefore located in an estuarine area, and Chinook and 
bull trout critical habitat in the Action Area will be addressed using PCEs relevant to 
estuarine habitat.  The essential features relevant to these PCEs are provided in Tables A-2 
and A-3, describing the life stage and activity that each PCE supports (Table A-2) and the 
potential effects on these sites and features (Table A-3). 
 

Table A-2  
Sites and Essential Physical and Biological Features Designated as Primary Constituent 

Elements, and the Species Life Stage Each Primary Constituent Element Supports 

Site 
Essential Physical and  

Biological Features ESU Life Stage 

Estuarine rearing 

Water quantity Juvenile growth and mobility 
Water quality and forage Juvenile development 

Natural cover 1 Juvenile mobility and survival 

Estuarine migration 
Free of artificial obstructions, water 
quality and quantity, and natural cover 

Juvenile and adult mobility and 
survival 

Notes: 
This table is adapted from Updated status of federally listed ESUs of West Coast salmon and steelhead 
(Good et al. 2005). 
1 Shade, submerged and overhanging large wood, log jams and beaver dams, aquatic vegetation, large 

rocks and boulders, side channels, and undercut banks (NOAA 2005).  
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Table A-3  
Potential Effects on Sites and Biological Features Designated as Primary Constituent Elements 

Site 

Essential Physical 
and Biological 

Features Effect from Proposed Action 

Estuarine 
rearing 

Water quantity  

No effect on water quantity or flows. 
 
Floodplain connectivity is already limited in the project reach by industrial activities 
and urbanization and will not undergo change due to the proposed removal action.   

Water quality and 
forage 

Short-term effects to water quality will occur related to dredging and capping, but 
turbidity is expected to be limited, short-term, and localized and is not expected to 
result in any long-term effects.   
 
Resuspension of sediments and contaminants may occur during in-water work, but 
salmonids would not be expected to be present or would be present in very low 
numbers; additionally, if present, they would not be expected to experience 
substantial effects because exposure to potentially resuspended contaminants will 
not be long in duration. 
 
Dredging and capping will temporarily disturb existing benthic organisms and 
habitat; however, due to existing compromised habitat (for all salmonids), it is 
expected that impacts to juvenile salmonids due to disturbance of the epibenthic 
prey community will be minimal.   
 
Effects to substrate are not expected to be a significant factor in juvenile salmon 
habitat quality because of dredging or capping.  The surface substrate to be placed 
in shallow water areas where juvenile salmonids are likely to occur will comprise 
smaller gravel material, which is similar to the existing material in this area.   
 
Nearshore habitat is not expected to be degraded by this action. The nearshore 
habitat that is being affected is contaminated and is located in an industrial area, 
which may limit function as nearshore habitat.  Moreover, the net effect and 
intention of the dredging/capping is to provide a habitat benefit to listed species.  
 
Water quality monitoring will occur concurrent with dredging and capping activity 
in accordance with the 401 Water Quality Certification or equivalent issued for the 
removal action.   
 
In addition, in-water work for the project will comply with the timing restrictions 
specified in the in-water work window, when salmonids are expected to be either 
not present or present in very low numbers.  The work window is in the fall and 
winter, from October 1 through February 15.   
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Site 

Essential Physical 
and Biological 

Features Effect from Proposed Action 

Estuarine 
rearing Natural cover 1 

Natural cover is generally absent in the Action Area; no effect on availability of 
natural cover. 

Estuarine 
migration 

Free of artificial 
obstructions, water 
quality and 
quantity, and 
natural cover 

Passage will be impeded in the dredging/capping area during in-water work; project 
effects could delay nearshore migration periodically for a period of hours but will 
be limited to the duration of in-water work during dredging and capping.  Dredging 
and capping will occur during the in-water work window when salmonids are 
expected to be either not present or present in very low numbers.  
 
See “Water quality and forage.” 
 
No effect on water quantity or flows.  See “Natural cover.” 

Notes: 
1 Shade, submerged and overhanging large wood, log jams and beaver dams, aquatic vegetation, large rocks 

and boulders, side channels, and undercut banks (NOAA 2005).  
 

5.1.2.2 Habitat Conversion 

Because most dredging actions will be followed by placement of engineered cap or backfill 
material to generally return the elevations to pre-construction grade, there will be a minimal 
amount of habitat conversion from certain habitat types to others.  The capping (without the 
presence of dredging first) proposed for SMU-1A and SMU-1B will result in some elevation 
changes. Based on the existing elevation of the proposed cap area, the capping will result in 
shallower habitat and increase nearshore habitat quality by removing a source of 
contamination. Overall, there will be an increase in the amount of habitat shallower than -10 
feet MLLW due to the proposed shoreline slope reconfiguration.  This habitat is the most 
valuable to juvenile salmonids.   
 
In general, habitat conversion will serve to increase nearshore habitat quality in the Action 
Area over the long term because acreage will increase in the zones where juvenile salmonids 
typically migrate and feed.  Overall existing habitat conditions for rearing and migration are 
already of low quality in the Action Area (see Section 4).  Given the context of the Action 
Area in an industrialized reach of the LDW, although short-term habitat impacts to 
substrates will occur, the long-term effect of the proposed action on critical habitat PCEs is 
anticipated to be beneficial.  Also, the project is not expected or intended to reduce the 
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conservation value of critical habitat.  Moreover, the project will serve to increase the habitat 
value of the area by removing contaminated sediments from the environment.  
 

5.1.3 Interrelated/Interdependent Effects 

The remainder of the LDW Superfund Site cleanup is slated to occur in future years, with the 
intent and expectation to provide a net benefit to species and habitat through cleanup of 
contaminated sediments.  The effect of this cleanup is expected to be beneficial to listed 
species affected by the proposed removal action described in this Preliminary Draft BA.  
 

5.2 Regulatory Basis for the Effect Determination 

The effect determination is the conclusion of the analysis of potential direct or indirect 
effects of the proposed activity on listed species and critical habitat.  Regulatory guidance 
from the Final Section 7 Consultation Handbook (USFWS and NMFS 1998) was used to make 
the effects determination for the proposed activity as described in this section. 
 
The range of conclusions that could result from the effects analysis for the effect 
determination includes: 

• No effect:  The appropriate conclusion when the action agency determines its 
proposed action will not affect listed species or critical habitat. 

• May affect, is not likely to adversely affect:  The appropriate conclusion when effects 
on listed species are expected to be discountable, or insignificant, or completely 
beneficial.  Beneficial effects are contemporaneous positive effects without any 
adverse effects to the species.  Insignificant effects relate to the size of the impact and 
should never reach the scale where take occurs.  Discountable effects are those 
extremely unlikely to occur.  Based on best judgment, a person would not: 1) be able 
to meaningfully measure, detect, or evaluate insignificant effects; or 2) expect 
discountable effects to occur. 

• May affect, is likely to adversely affect:  The appropriate conclusion if any adverse 
effect to listed species may occur as a direct or indirect result of the proposed action 
or its interrelated or interdependent actions, and the effect is not discountable, 
insignificant, or beneficial (see definitions of “is not likely to adversely affect”). 
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A key factor in making an effect determination and distinguishing between a significant and 
insignificant effect is determining if the effect would be significant enough to cause a take.  
“Take,” as defined by the ESA, includes such activities that harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect, or attempt to engage in any such conduct [ESA §3(19)].  
Harm is further defined to include significant habitat modification or degradation that results 
in death or injury to listed species by significantly impairing behavioral patterns such as 
breeding, feeding, or sheltering.  Harass is further defined as actions that create the 
likelihood of injury to listed species to such an extent as to significantly disrupt normal 
behavior patterns that include, but are not limited to, breeding, feeding or sheltering  
(50 CFR §17.3).   
 

5.3 Effect Determination 

5.3.1 Effect Determination for Listed Species 

As previously stated, the overall purpose of conducting the removal of sediment 
contamination in the Action Area is to reduce exposure to existing contaminants and to 
provide long-term benefits to aquatic species by significantly improving overall benthic 
habitat conditions.  The following paragraphs detail the determinations for listed species.   
 
Based on the guidance and definitions provided and the previously-discussed project effects, 
the effect determinations for species present in the LDW is that this removal action may 
affect, and is likely to adversely affect Puget Sound Chinook salmon, Puget Sound steelhead, 
and Coastal-Puget Sound bull trout.  Justification for these determinations is provided in this 
section. 
 
Although in-water work will occur during the in-water work window when listed fish are 
expected to either not be present or be present in very low numbers, it is possible that 
individual fish could be present in the Action Area.  Thus, in-water work will occur with the 
risk that fish could experience effects that are not discountable or insignificant.   
 
For these reasons, the “may affect, likely to adversely affect” determination is appropriate for 
these listed species that may be present for these reasons: 
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• Substrate disturbance and disturbance of benthic and epibenthic prey items will occur 
during in-water work.  This effect will be short-term and temporary due to expected 
rapid recovery of the benthic community following this work, and no long-term 
modifications of salmonid prey species habitats are expected.  

• Short-term and localized impacts to water quality could result in the form of short-
term changes in water column turbidity and resuspended sediment for fish and fish 
prey, and there is a risk of contaminant exposure to fish that may be in the area.  
Direct fish mortality or stress from suspended sediment, however, is not expected to 
occur, any increase in turbidity beyond background is expected to be localized and 
temporary in nature, and water quality effects are not expected to be at a level that 
would affect the abundance of water column prey items.   

 
The basis for this conclusion is as follows within the context of the Section 7 regulations 
listed in this section.  Because the likelihood of the potential effects cannot be entirely 
discounted in the short term, their extent cannot be labeled as insignificant, and their overall 
benefits are not contemporaneous, a “may affect, likely to adversely affect” determination is 
appropriate.  Effects are expected to cause habitat (and prey habitat) impacts, with a risk of 
impairment or disruption of normal behavioral patterns, and with a comparable risk of 
impact to listed fish that may be present during construction, for the reasons previously 
listed.  However, the conservation measures previously stated and discussed in Section 2 will 
minimize the likelihood of take for each removal action element. 
 

5.3.2 Effect Determination for Critical Habitat 

Based on the guidance and definitions provided and the previously-discussed project effects, 
the effect determination for species likely to be present at the LDW is that this removal 
action may affect but is not likely to adversely affect designated critical habitat for Puget 
Sound Chinook salmon and Coastal-Puget Sound bull trout.  In the event that critical habitat 
for Puget Sound steelhead is either proposed or designated in the future, it is further 
concluded that this removal action would not adversely modify critical habitat (if proposed) 
for Puget Sound steelhead, and may affect but would not be likely to adversely affect critical 
habitat (if designated) for Puget Sound steelhead.  Justification for these determinations is 
provided in this section. 
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The “may affect, not likely to adversely affect” determination is appropriate for these listed 
species that may be present for these reasons: 

• In-water work will be restricted to the work window, as described previously. 
• Impacts to water column habitat could result in the form of short-term changes in 

water column turbidity and resuspended sediment for fish and fish prey; however,, 
impacts to water column habitat are expected to be temporary and localized, and no 
long-term water quality effects are expected.  Any increase in turbidity beyond 
background is expected to be localized and temporary in nature, and water quality 
effects are not expected to be at a level that would affect the abundance of water 
column prey items. 

• Temporary substrate disturbance will occur during dredging and capping, and 
material will be placed below the OHWM within designated critical habitat; 
however, substrate disturbance effects to prey species will be short-term due to 
expected rapid recovery of the benthic areas following dredging and/or capping, and 
no long-term modifications of salmonid prey species habitats are expected.    

• Fish migration may be delayed in the RAB during in-water work periodically for a 
period of hours; however, if these effects occur, they would be limited to the duration 
of in-water work during dredging and capping, which will occur during the in-water 
work window when salmonids are expected to be present in very low numbers.  

• There will be no effect on water quantity or flows.  
• There will be no effect on availability of natural cover. 
• There will be no effect to floodplain connectivity. 
• Any spills and accidental releases of dredged material during handling will be 

minimized and mitigated by implementing standard and appropriate material 
handling and containment procedures as described in Section 2.3. 

 
The basis for this conclusion is that potential project effects may occur (“may affect”), but are 
not expected to jeopardize the continued existence of an endangered or threatened salmon or 
steelhead ESU or bull trout DPS, or result in the destruction or adverse modification of 
critical habitat (“not likely to adversely affect”), for the reasons previously listed.  
Information previously listed also shows that poor conditions for rearing and migration near 
the project are already significant factors for the affected species.  The effects of this action 
will lower the value of water quality and passage in the action area over the short term, but 
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will not affect the conservation value of the Action Area over the long term for the ESUs 
with critical habitat considered here.  Although short-term effects are likely, the long-term 
effect of the proposed action on critical habitat PCEs are expected and intended to be 
beneficial.  
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Appendix A – Preliminary Draft Biological Assessment  March 2011 
Final EE/CA – Jorgensen Forge Facility 1-1 080224-01 

ESSENTIAL FISH HABITAT   

Pursuant to the Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-
Stevens Act) and the 1996 Sustainable Fisheries Act, an Essential Fish Habitat (EFH) 
evaluation of impacts is necessary for activities that are associated with the removal action 
for affected sediments and associated shoreline bank within the Lower Duwamish Waterway 
(LDW) Superfund Site adjacent to a portion of the Jorgensen Forge Corporation (Jorgensen 
Forge) facility (Facility) located at 8531 East Marginal Way South in Seattle, Washington.  
EFH is defined by the Magnuson-Stevens Act (in 50 CFR 600.905-930) as “those waters and 
substrate necessary to fish for spawning, breeding, feeding, or growth to maturity” and is 
designated for groundfish, Pacific salmon, and coastal pelagic composites.   
 

Identification of Essential Fish Habitat in the Action Area 

The Action Area for the proposed project includes habitats that have been designated as EFH 
for the groundfish, coastal pelagic and Pacific salmon EFH composites.   
 

Designated EFH for groundfish composite species encompasses all waters from the mean 
high water line and upriver extent of saltwater intrusion in river mouths, along the coasts of  
Washington, Oregon, and California, seaward to the boundary of the United States exclusive 
economic zone (370.4 kilometers; PFMC 1998a, 1998b).  Groundfish EFH is discussed in 
detail in the Final Environmental Assessment/Regulatory Review for Amendment 11 to the 
Pacific Coast Groundfish Fishery Management Plan (PFMC 1998a) and National Marine 
Fisheries Service’s (NMFS) Essential Fish Habitat for West Coast Groundfish Appendix 
(NMFS 1998). 
 
Freshwater EFH for Pacific salmon includes those streams, lakes, ponds, wetlands, and other 
waterbodies currently or historically accessible to salmon in Washington, Oregon, Idaho, 
and California, except areas upstream of certain impassable constructed barriers (as identified 
by the Pacific Fisheries Management Council [PFMC]), and longstanding, naturally-
impassable barriers (that is, natural waterfalls in existence for several hundred years; PFMC 
1999).  Salmonid EFH is discussed in detail in Appendix A of Amendment 14 to the Pacific 
Coast Salmon Plan (PFMC 1999).  EFH and life history stages for species that may occur in 
the Action Area were listed in Table 1-1.   
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Table 1-1  
Species of Fishes and Life-History Stages with Designated Essential Fish Habitat in the 

Estuarine Waters of Puget Sound and that May Occur in the Action Area 

Species Adult 
Spawning/

mating Juvenile Larvae 
Eggs/ 

parturition 

Groundfish Species      

Spiny dogfish X  X  X 

California skate X     

Ratfish X     

Lingcod   X X  

Cabezon X X X ? X 

Kelp greenling X X X X X 

Pacific cod X X X X X 

Pacific whiting (Hake)   X   

Sablefish   X   

Black rockfish  X  X   

Bocaccio   ? X  

Brown rockfish X ? ? X  

Copper rockfish X  X ?  

Quillback rockfish X  X ?  

English sole X X X X X 

Pacific Sanddab    X X 

Rex sole X    ? 

Starry flounder X X X X X 

Pacific Salmon Species      

Chinook salmon X  X   

Coho salmon X  X   

Puget Sound pink salmon X  X   

Coastal Pelagic Species      

Northern anchovy X X X X X 

Pacific sardine X     

Pacific mackerel X     

Market squid X     

 
Notes: 
Table modified from the Northwest Region (NWR) EFH website:  

http://www.nwr.noaa.gov/1habcon/habweb/msa.htm 
?  presence of this life stage in the Action Area is undetermined 

http://www.nwr.noaa.gov/1habcon/habweb/msa.htm�
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Effects of the Proposed Action and Effects Determination 

The assessment of potential impacts from the proposed project to the species’ EFH is based on 
information in previous sections of this Draft Preliminary Biological Assessment (BA).  
Impacts may occur because of the proposed removal action, as considered in the following 
subsection. 
 

Direct and Indirect Effects to Essential Fish Habitat 

Direct and indirect effects on EFH and the conservation measures that avoid and minimize 
impacts are identified in Table 1-2.  Overall, the expected outcome of the proposed dredging 
and capping actions will be significantly reduced exposure to existing contamination in 
sediments, which will improve overall EFH and aquatic ecosystem health. 
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Table 1-2  
Affected EFH by Project Element and Proposed Conservation Measures 

Project Element Affected EFH Impact Discussion Conservation Measures 

Dredging and capping 
in nearshore and 
deepwater habitats 

Groundfish and 
salmonid EFH 
(Substrate) 

Dredging and capping will temporarily disturb existing 
benthic organisms and habitat; however, existing conditions 
indicate that there is poor production of epibenthic and 
benthic prey in these areas.  Thus, it is expected that impacts 
to fish via disturbance of the epibenthic prey community are 
not expected to affect the abundance or availability of typical 
prey/forage organisms for salmonids and groundfish.  
 
In addition, groundfish and salmonids are mobile and 
generally able to distinguish and avoid areas where prey are 
less abundant.  If available, groundfish species could 
selectively use undisturbed or recolonized areas in the 
project vicinity for foraging. 
 
No net loss of EFH is expected to occur.  
 
In general, this work will convert some steep shoreline areas 
into shallow water nearshore habitat. This habitat conversion 
will serve to improve EFH over the long term because 
acreage will increase in lower and upper intertidal zones 
where young fish tend to feed and rear. Also, given the 
context of the Action Area in an industrialized reach of the 
LDW, although short-term habitat impacts to EFH substrates 
will occur, the long-term effect of the proposed action on 
EFH is anticipated to be beneficial.  The project is not 
expected or intended to reduce EFH quality; rather, the 
project will serve to increase EFH value by removing 

Conservation measures include those listed in the 
accompanying Draft Preliminary BA in Section 2.  
 
In addition, in-water work for the project will 
comply with the timing restrictions specified in the 
in-water work window, when salmonids are 
expected to be either not present or present in very 
low numbers.  
 
Post-project conditions of nearshore habitat will 
provide improved habitat benefits for salmonids 
and groundfish relative to existing conditions, as the 
overall effect of the action will be a net benefit to 
listed species.   
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Project Element Affected EFH Impact Discussion Conservation Measures 
contaminated sediments from the environment.  
 
Substrates will be disturbed, but not degraded over the long 
term.  Substrate quality is already limited in the Action Area, 
as substrates are contaminated and require remediation.  
Dredging would remove a significant amount of 
contaminated material from the LDW, and capping will cover 
existing exposed contaminated sediments, which is 
considered a substantial habitat benefit.   
 
Moreover, the net effect and intention of the new substrate 
surface is to provide a habitat benefit to fishery species.  
 
The overall impact of work in this shoreline area is expected 
to be minimal because existing conditions in the project area 
are already heavily industrialized and fish use of the area is 
likely compromised. 
 

Dredging and capping 
in nearshore and 
deepwater habitats 

Groundfish, pelagic, 
and salmonid EFH 
(Water) 

Suspended sediment and contaminant concentrations in 
water column EFH could be temporarily elevated.  Thus, 
short-term effects to water quality will occur related to 
dredging and capping and resuspension of sediments and 
contaminants may occur during in-water work, but 
conservation measures will be implemented to minimize 
effects on water quality.  
 
In addition, suspension of sediment has the potential to 
adversely affect water column EFH by reducing dissolved 
oxygen (DO).  High concentrations of suspended sediments 
have the potential to reduce DO levels by exposing nutrients 

Conservation measures include those listed in the 
accompanying BA in Section 2.  
 
In addition, in-water work for the project will 
comply with the timing restrictions specified in the 
in-water work window, when salmonids are 
expected to be either not present or present in very 
low numbers.  
 
Water quality monitoring will occur concurrent with 
dredging and capping activity in accordance with 
the Water Quality Certification that will be issued 
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Project Element Affected EFH Impact Discussion Conservation Measures 
to bacterial breakdown (Mortensen et al. 1976).  A model 
created by LaSalle (1988) demonstrated that even in a 
situation where the upper limit of expected suspended 
sediment is reached during dredging operations, DO 
depletion of no more than 0.1 milligrams per liter (mg/L) 
would occur at depth.  LaSalle (1988) concluded that based 
on the relatively low levels of suspended material generated 
by dredging operations, and considering factors such as 
flushing, DO depletion around these activities should be 
minimal.   
 
Water column EFH could be adversely affected by spills from 
construction equipment.  There is a small chance that an 
unintentional release of fuel, lubricants, or hydraulic fluid 
from the construction equipment could lead to adverse 
impacts to salmonid or groundfish EFH.  
 
Because fish in the Action Area are mobile, they would be 
expected to avoid areas where unsuitable conditions exist.  
For this reason, the effects of the project on water column 
EFH are expected to be minimal. 

for the project. 
In addition, surface booms, oil-absorbent pads, and 
similar materials will be on site for any accidental 
construction equipment spills.  
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Effects Determination for Essential Fish Habitat 

Based on the previous information, the effects of the proposed action will not adversely 
affect Pacific Coast Salmon EFH, coastal pelagic EFH, and West Coast Groundfish EFH.  A 
“will not adversely affect” determination is appropriate because there will be short-term 
impacts to substrate and water in the Action Area as described in Table 1-2, but long-term 
beneficial effects to EFH are expected as a result of the project based on the reduction of 
sediment contamination from the EFH environment. Conservation measures that avoid and 
minimize impacts to EFH are incorporated into the project design, and with the 
implementation of these measures and the habitat improvements resulting from removal of 
contaminated sediments, the project is expected overall to result in long-term, beneficial 
effects to groundfish, pelagic, and salmonid species EFH. 
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Endangered Species Act Status of West Coast Salmon & Steelhead 
(Updated Feb. 26, 2008) 

Species1 
Endangered 
Species Act 

Listing Status2 

ESA Listing Actions  
Under Review 

Sockeye Salmon 
(Oncorhynchus 
nerka) 

1 

2 

Snake River Endangered 

Ozette Lake Threatened 

3 Baker River Not Warranted 

4 Okanogan River Not Warranted 

5 Lake Wenatchee Not Warranted 

6 Quinalt Lake Not Warranted 

7 Lake Pleasant Not Warranted 

Chinook Salmon 
(O. tshawytscha) 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

Sacramento River Winter-run Endangered 

Upper Columbia River Spring-run Endangered 
Snake River Spring/Summer-run Threatened 
Snake River Fall-run Threatened 
Puget Sound Threatened 
Lower Columbia River Threatened 
Upper Willamette River Threatened 
Central Valley Spring-run Threatened 
California Coastal Threatened 
Central Valley Fall and Late Fall-run Species of Concern 
Upper Klamath-Trinity Rivers Not Warranted 

Oregon Coast Not Warranted 

Washington Coast Not Warranted 

Middle Columbia River spring-run Not Warranted 

Upper Columbia River summer/fall-run Not Warranted 

Southern Oregon and Northern California Coast Not Warranted 

Deschutes River summer/fall-run Not Warranted 

Coho Salmon 
(O. kisutch) 

25 

26 

27 

28 

29 

30 

31 

Central California Coast Endangered 

Southern Oregon/Northern California Threatened 

Lower Columbia River Threatened • Critical habitat 

Oregon Coast2 Threatened 

Southwest Washington Undetermined 

Puget Sound/Strait of Georgia Species of Concern 

Olympic Peninsula Not Warranted 

Chum Salmon 
(O. keta) 

32 

33 

34 

35 

Hood Canal Summer-run Threatened 

Columbia River Threatened 

Puget Sound/Strait of Georgia Not Warranted 

Pacific Coast Not Warranted 

Steelhead 
(O. mykiss) 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

Southern California Endangered 

Upper Columbia River Endangered 

Central California Coast Threatened 

South Central California Coast Threatened 

Snake River Basin Threatened 

Lower Columbia River Threatened 

California Central Valley Threatened 

Upper Willamette River Threatened 

Middle Columbia River Threatened 

Northern California Threatened 

Oregon Coast Species of Concern 

Southwest Washington Not Warranted 

Olympic Peninsula Not Warranted 

Puget Sound 
Threatened • Critical habitat 

• Protective Regulations 

Klamath Mountains Province Not Warranted 
Pink Salmon 
(O. gorbuscha) 51 

52 

Even-year Not Warranted 

Odd-year Not Warranted 

1	 The ESA defines a “species” to include any distinct population segment of any species of vertebrate fish or wildlife. For Pacific salmon, NOAA Fisheries considers 
an evolutionarily significant unit, or “ESU,” a “species” under the ESA. For Pacific steelhead, NOAA Fisheries has delineated distinct population egments (DPSs) 
for consideration as “species” under the ESA 

2	 On Feb. 11, 2008, NOAA Fisheries published a final determination listing Oregon coast coho as threatened (73FR7816). This final rule also designated critical 
habitat and issued final protective regulations. The listing, critical habitat and protective regulations are effective on May 12, 2008. 
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LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND CRITICAL
 
HABITAT; CANDIDATE SPECIES; AND SPECIES OF CONCERN 


IN KING COUNTY
 
AS PREPARED BY
 

THE U.S. FISH AND WILDLIFE SERVICE
 
WESTERN WASHINGTON FISH AND WILDLIFE OFFICE
 

(Revised November 1, 2007)
 

LISTED 

Bull trout (Salvelinus confluentus) 


Canada lynx (Lynx canadensis) 


Gray wolf (Canis lupus) 


Grizzly bear (Ursus arctos = U. a. horribilis) 


Marbled murrelet (Brachyramphus marmoratus) 


Northern spotted owl (Strix occidentalis caurina) 


Major concerns that should be addressed in your Biological Assessment of project impacts to listed 

species include: 


1. 	 Level of use of the project area by listed species. 

2.	 Effect of the project on listed species' primary food stocks, prey species, and foraging 
areas in all areas influenced by the project. 

3.	 Impacts from project activities and implementation (e.g., increased noise levels, 
increased human activity and/or access, loss or degradation of habitat) that may result in 
disturbance to listed species and/or their avoidance of the project area. 

Castilleja levisecta (golden paintbrush) [historic] 

Major concerns that should be addressed in your Biological Assessment of project impacts to listed plant 
species include: 

1. Distribution of taxon in project vicinity. 

2.	 Disturbance (trampling, uprooting, collecting, etc.) of individual plants and loss of 
habitat. 

3. 	 Changes in hydrology where taxon is found. 

http://www.fws.gov/westwafwo/speciesmap/KING.html 6/26/2008 

http://www.fws.gov/westwafwo/speciesmap/KING.html
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DESIGNATED 

Critical habitat for bull trout 

Critical habitat for the marbled murrelet  

Critical habitat for the northern spotted owl  

PROPOSED 

None 

CANDIDATE 

Oregon spotted frog (Rana pretiosa) 
Yellow-billed cuckoo (Coccyzus americanus) 

SPECIES OF CONCERN 

Bald eagle (Haliaeetus leucocephalus) 

Beller's ground beetle (Agonum belleri) 

California wolverine (Gulo gulo luteus) 

Cascades frog (Rana cascadae) 

Hatch's click beetle (Eanus hatchi) 

Larch Mountain salamander (Plethodon larselli) 


Long-eared myotis (Myotis evotis) 

Long-legged myotis (Myotis volans) 

Northern goshawk (Accipiter gentilis) 

Northern sea otter (Enhydra lutris kenyoni) 

Northwestern pond turtle (Emys (= Clemmys) marmorata marmorata) 

Olive-sided flycatcher (Contopus cooperi) 

Pacific lamprey (Lampetra tridentata) 

Pacific Townsend=s big-eared bat (Corynorhinus townsendii townsendii) 

Peregrine falcon (Falco peregrinus) 

River lamprey (Lampetra ayresi) 

Tailed frog (Ascaphus truei) 

Valley silverspot (Speyeria zerene bremeri) 

Western toad (Bufo boreas) 

Aster curtus (white-top aster) 

Botrychium pedunculosum (stalked moonwort) 

Cimicifuga elata (tall bugbane)
 

http://www.fws.gov/westwafwo/speciesmap/KING.html
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1 INTRODUCTION 

This Preliminary Draft Clean Water Act (CWA) Section 404(b)(1) Evaluation (Preliminary 
Draft 404 Evaluation) is Appendix B to the Final Engineering Evaluation/Cost Analysis 
(EE/CA) and will assist the U.S. Environmental Protection Agency (EPA) in its review of the 
EE/CA removal action alternatives.  
 
On July 10, 2003, Earle M. Jorgensen (EMJ) entered into the Administrative Order on 
Consent (AOC; EPA Docket No. CERCLA-10-2003-0111) with the EPA to conduct an 
investigation to determine whether the Jorgensen Forge facility located at 8531 East 
Marginal Way South in Seattle, Washington (Facility), is or has been a source of 
polychlorinated biphenyls (PCBs) to Early Action Area 4 (EAA-4) adjacent to the Facility.  
Sampling and analysis conducted by EMJ detected concentrations of PCBs and metals in the 
sediments and shoreline bank materials within EAA-4 adjacent to the Facility.  EPA 
determined that the detected chemical concentrations within a portion of EAA-4 adjacent to 
the Facility meet the criteria for initiating a non-time-critical removal action (NTCRA) 
under the Comprehensive Environmental Response, Compensation, and Liability Act 
(CERCLA; EPA 2008a).   
 
For this reason, EPA and EMJ entered into the First Amendment to the AOC (EPA Docket 
No. CERCLA-10-2003-0111, 2008), which requires EMJ to prepare an EE/CA, a Preliminary 
Draft Biological Assessment (BA), and this Preliminary Draft 404 Evaluation to conduct a 
removal action for affected sediments and associated shoreline bank within the EAA-4 
adjacent to a portion of the Facility identified as the Removal Action Boundary (RAB).  The 
RAB is defined by the area where sediment chemical concentrations exceed the Washington 
State Department of Ecology (Ecology) Sediment Management Standard (SMS) Sediment 
Quality Standard (SQS) criteria and accounts for a number of site-specific characteristics 
discussed in Section 4.2.2 of the Final EE/CA.  EPA approved the RAB in a letter dated 
August 8, 2008 (EPA 2008b). 
 
The Boeing Company (Boeing) is conducting a sediment corrective action under the 
Resource Conservation and Recovery Act (RCRA) adjacent to and north/downstream of the 
RAB, within a portion of EAA-4 termed the Boeing Duwamish Sediment Other Area (Boeing 
DSOA).  The First Amendment to the AOC (EPA 2008a) incorporates the September 2007 
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Memorandum of Understanding (MOU; EMJ et al. 2007) executed by EMJ, Jorgensen Forge, 
and Boeing that administratively requires the coordination and cooperation of all parties.  
The Final EE/CA incorporates the requirements of the MOU. 
 
This Preliminary Draft 404 Evaluation provides a preliminary draft of the CWA Section 404 
(b)(1) evaluation as required by and in accordance with the amended AOC for the removal 
action.  The amended AOC (Section II.2) directs that “if dredging, capping, or other filling is 
a component of any of the alternatives, Respondent shall submit a draft memorandum that 
provides sufficient information to demonstrate compliance with the substantive 
requirements of Section 404(b)(1) of the CWA.”  This Preliminary Draft 404 Evaluation  
provides information necessary to demonstrate that the proposed removal action 
technologies and alternatives defined in the Final EE/CA are in compliance with the 
substantive requirements of CWA Section 404(b)(1).  Final specific descriptions of the 
implementation of the selected alternative will be developed during the design phase.   
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2 SUMMARY OF PROPOSED ACTION 

2.1 Purpose and Need  

The need for the proposed removal action is based on the presence of sediments and 
shoreline soils adjacent to the Facility that have chemical concentrations above the Ecology’s 
SMS SQS and Cleanup Screening Level (CSL).  The SQS represents the concentrations below 
which there are no adverse effects to biological resources (Washington Administrative Code 
[WAC]-173-204-300), and the CSL represents the concentrations above which areas of 
potential concern are defined (WAC 173-204-520).  As part of the development of the Final 
Source Control Evaluation Report (SCER; Anchor and Farallon 2008), surface sediment 
concentrations were evaluated in the sediments adjacent to the Facility.  Results indicated 
that specific areas contain surface sediment with PCBs, metals, and semivolatile organic 
compound (SVOC) concentrations above the SQS criterion and the CSL criterion.   
 
The purpose of this Draft 404 Evaluation is to remediate the sediments with elevated 
chemical concentrations consistent with the Removal Action Objectives (RAOs) described in 
the Final EE/CA.   
 

2.2 Location and Facility Information 

The removal action will address sediments and the associated shoreline bank within the 
EAA-4 adjacent to the Facility on the eastern shoreline of the Lower Duwamish Waterway 
(LDW), at approximately River Mile (RM) 3.6 (Figure B-1).  The project is proposed to occur 
within the EPA’s LDW Superfund Site.  The Superfund Site extends from the mouth of the 
LDW to approximately RM 5, approximately 1.4 miles upriver from the Facility.  The LDW 
comprises the lower 11 miles of the Duwamish River.   
 
The setting of the LDW is heavily industrialized and the river shoreline is degraded 
throughout most of its length—especially within the first 5 miles inland from the mouth of 
the LDW, along the length containing the federally maintained navigation channel.  The 
Duwamish River was historically an estuarine wildlife habitat and remains an important 
migration corridor for several salmonid species listed under the Endangered Species Act 
(ESA).  The LDW is a transitional zone where anadromous fish migrate from freshwater 
streams to the ocean.  Existing habitat conditions within the LDW migration corridor are 
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degraded as the shoreline is highly modified.  Some recreational and/or subsistence fishing, 
and other recreational activities occur to a limited extent in the vicinity of the RAB.  No 
residential areas are located in the vicinity. 
 
The RAB is a project boundary for the proposed removal action and includes the geographic 
area relevant to the project shown in Figure B-2; it is bounded by the following: 

• To the north/downstream by the in-water and shoreline bank sediment cleanup 
boundaries identified in the EPA-approved MOU (EMJ et al. 2007) 

• To the west by the Federal Navigation Channel, as well as a small 20-foot extension 
into the channel in one location adjacent to sediment sampling station SD-DUW322 

• To the south by the extension of the southern Facility property boundary into the 
LDW 

• To the east by the top of the shoreline bank slope along the central and northern 
portions of the Facility and the top of the sheetpile/concrete panel wall on the 
southern portion of the Facility 

 
The shoreline area within the northern and central portion of the RAB is steep and heavily 
armored with scattered remnant pilings from a former railroad trestle.  Mudflats are present 
at low tide, below upper bank riprap and miscellaneous armoring (Windward 2003).  The 
southern shoreline area is abutted by a vertical sheetpile wall joined to a concrete bulkhead 
and contains three permitted stormwater outfalls that discharge to the LDW.  Elevations 
within the RAB range from intertidal zone from the top of bank (approximately 20 feet mean 
lower low water [MLLW]) to subtidal (-14 feet MLLW).  There are no aquatic land uses 
along the shoreline.  
 

2.3 Description of Discharge and Removal Site 

The RAB, as described previously, has been divided into 11 Sediment Management Units 
(SMU) based on an initial evaluation of sediment chemistry and operational/engineering 
considerations.  Four removal action alternatives, including one No Action alternative, were 
carried through the EE/CA alternatives evaluation based on chosen cleanup alternatives 
within each of 11 SMUs.  The removal action alternatives considered in the EE/CA are 
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shown on Figures B-3, B-4, and B-5, and are described in more detail in the following 
subsections. 
 

2.3.1 Alternative 1 – No Action 

No action would be undertaken under this alternative.  The Facility would remain in its 
current state, with no removal actions implemented.  
 

2.3.2 Alternative 2 – Slope Excavation and Containment, Variable Dredging 
Followed by Capping/Backfill, Capping without Dredging, and 
Subtitle D Disposal 

This alternative involves excavation of the shoreline bank to remove nearshore affected 
soils/sediment followed by:  

• Placement of a 4-foot slope containment including bank armoring and overlying sand 
and gravel mixture to promote slope stability, enhance habitat, and contain 
underlying contaminated fill in SMU-3, SMU-5, SMU-8, and SMU-11 

• Placement of a 2-foot cap to isolate low level surface sediment total PCB Removal 
Action Level (RvAL)1

• 2-foot removal and 2-foot clean backfill material to remove all sediments with total 
PCB RvAL exceedances in SMU-7 and SMU-10 

 exceedances in SMU-1A and SMU-1B 

• 4-foot removal and 4-foot cap with development of step adjacent to channel with top 
of cap elevation of -17 feet MLLW to remove surface and subsurface sediments with 
total PCB RvAL exceedances and allow for integration of future navigational dredging 
in SMU-2 

• 4-foot removal and 4-foot cap/backfill to remove all sediments with total PCB RvAL 
exceedances currently identified in SMU-4A, SMU-4C, SMU-6, and SMU-9 

• 8-foot removal and variable depth backfill to removal all sediments with total PCB 
RvAL exceedances in SMU-4B 

 
All excavated/dredged material will be disposed at a permitted non-hazardous waste landfill. 

                                                 
1  Based on the EPA’s direction in a letter dated August 8, 2008 (EPA 2008b), RvAL is used synonymously with 
SQS for screening of total PCBs data throughout this Preliminary Draft 404 Evaluation.  The total PCB RvAL is 
12 mg/kg normalized for OC content. 
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2.3.3 Alternative 3 – Alternative 2 with Dredging in SMU-1A and SMU-1B 

This alternative is very similar to Alternative 2, except that there would be 1-foot removal 
and 1-foot backfill in SMU-1A and 4-foot removal and 4-foot cap in SMU-1B to remove all 
sediments with total PCB RvAL exceedances.  Removal completed adjacent to the sheet pile 
wall and concrete panel wall would be offset from the wall by 5 feet to minimize potential 
impacts to the structural stability of the walls.   
 

2.3.4 Alternative 4 – Slope Excavation and Containment, Complete Removal 
of Total PCB Removal Action Level Exceedances Followed by Backfill 
Placement, and Subtitle D Disposal  

This alternative is very similar to Alternative 3 except that all in-water sediments with 
concentrations greater than the total PCB RvAL would be removed from the RAB.  Removal 
and backfill for each SMU would include the following:  

• SMU-1A would have 1-foot removal and 1-foot backfill 
• SMU-1B, SMU-4A, and SMU-9 would have a 5.5-foot removal and 5.5-foot backfill 
• SMU-2 would have a 10.5-foot removal and variable depth backfill 
• SMU-4B would have a 8-foot removal and variable depth backfill 
• SMU-4C would have a 9.5-foot removal and 9.5-foot backfill 
• SMU-7 and SMU-10 would have a 2-foot removal and 2-foot backfill  

 
Removal adjacent to the sheet pile and concrete panel walls would be offset from the wall 
identical to Alternative 3. 
 
Each alternative is detailed in Table B-1 by SMU and remedy.
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Table B-1  
Summary of Removal Action Alternatives 

Alternative 
Bank reconfiguration  

followed by containment Dredging (depths) and backfill Sediment Capping 

Alternative 1  
(No Action) 

None None None 

Alternative 2 
4-foot slope containment 
in  SMU-3, SMU-5, SMU-8, 
and SMU-11 

• 2-foot removal and 2-foot backfill SMU-7 and SMU-10 

• 4-foot removal and 4-foot backfill in SMU-6 

•  8-foot removal and 6-foot backfill in SMU-4B 

• 2-foot cap in SMU-1A and SMU-1B 

• 4-foot removal and 4-foot cap with 
adjustments for navigation in SMU-2 

• 4-foot removal and 4-foot backfill in  
SMU-4A, SMU-4C, and SMU-9 

Alternative 3 
4-foot slope containment 
in  SMU-3, SMU-5, SMU-8, 
and SMU-11 

• 1-foot removal and 1-foot backfill SMU-1A 

• 2-foot removal and 2-foot backfill SMU-7, SMU-10 

• 4-foot removal and 4-foot backfill in SMU-6  

• 8-foot removal and 6-foot backfill in SMU-4B 

• 4-foot removal and 4-foot cap in SMU-1B 

• 4-foot removal and 4-foot cap with 
adjustments for navigation in SMU-2 

• 4-foot removal and 4-foot cap in SMU-4A, 
SMU-4C, and SMU-9  

Alternative 4 
4-foot slope containment 
in SMU-3, SMU-5, SMU-8, 
and SMU-11 

• 1-foot removal and 1-foot backfill SMU-1A 

• 5.5-foot removal and 5.5-foot backfill in SMU-1B, 
SMU-4A, and SMU-9 

• 10.5-foot removal and 10.5-foot backfill SMU-2 

• 8-foot removal and 6 feet of backfill SMU-4B 

• 9.5-foot dredge cut and 9.5-foot backfill SMU-4C 

• 4-foot removal and 4-foot backfill in SMU-6  

• 2-foot removal and 2-foot backfill SMU-7 and SMU-1 

None 
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2.4 Removal Action Technologies 

The recommended alternative for the Removal Action may include one or more of the 
following technologies:  

1. Bank excavation and placement of slope containment materials 
2. Backfill and armored (engineered) capping 
3. Dredging 

 
Each of these technologies and their anticipated construction methods is discussed in the 
following subsections.  
 

2.4.1 Bank Excavation and Slope Capping 

Each of the active alternatives (2, 3, and 4) includes identical bank excavation and placement 
of slope containment within SMU-3, SMU-5, SMU-8, and SMU-11 (Figures B-3, B-4, and B-
5).  This portion of the shoreline is degraded, containing elevated chemical concentrations 
above the SQS criteria, highly armored, and over steepened (approximately 1:1 horizontal to 
vertical [H:V]) slope) banks, derelict creosote-treated piles, remnant overhanging asphalt 
pads, and other types of debris.  The shoreline also generally lacks riparian cover except 
along the top of bank.  No shoreline reconfiguration is proposed in SMU-1, which is abutted 
by the adjacent sheet pile and concrete panel walls.  
 
SMU-3, SMU-5, SMU-8, and SMU-11 have been identified as potential contaminant sources 
to nearshore sediments due to bank soil/sediment SQS exceedances and the general presence 
of debris in these areas.  Bank excavation and subsequent placement of slope containment 
would prevent the elevated chemical concentrations from entering the aquatic environment.  
The habitat condition in SMU-3, SMU-5, SMU-8, and SMU-11 following completion of the 
reconfiguration will be substantially improved over existing conditions. 
 
The proposed bank reconfiguration extends from the top of the existing bank from 
approximately +19 to +20 feet MLLW down to 0 to +2 feet MLLW elevation.  The lower 
elevation range was used for planning purposes in the Final EE/CA and was selected based on 
tidal variations and the reach length of typical long reach excavators.  The preferred method 
for these activities will be to attempt to conduct excavation and capping occurring at the 
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lower elevations during low tides below the 0 feet to 2 feet MLLW elevation range, to 
facilitate doing this work in-the-dry from the landside.  
 
Existing derelict overhanging asphalt structures and debris would be removed from the bank 
prior to excavation and placement of slope containment.  Upon excavation to the target 
depths, inert debris identified along the new surface may be allowed to remain in place if it is 
determined that it would not affect the function of the overlying engineered cap.  An 
estimated 90 tons of debris would be removed and disposed of off-site. 
 
The shoreline excavation is proposed to occur over a total distance of 605 linear feet.  For the 
purposes of the Final EE/CA, the design excavation depth is 4 feet (includes 1 foot excavation 
tolerance) shoreward of the existing ground surface from the toe of slope upwards, with the 
resulting slope reconfigured to a gentler, more stable 2H:1V slope (Figures B-3 through B-5).  
The excavation (identical across Alternatives 2, 3, and 4) would result in the removal of 
approximately 6,000 cubic yards of impacted soil/fill and sediment, debris, and other 
encountered material and would create a gentler slope with increased intertidal habitat.   
 
Following excavation, slope containment materials will be placed along the full length and 
height of the reconfigured slope.  Based on experience at similar sites, and for the purposes of 
the Final EE/CA, the containment was assumed to be composed of a target 30-inch “filter” 
layer (sandy gravel to gravelly sand), overlain by a target 12-inch “armor” layer (riprap or 
cobble), further overlain by a target 6-inch layer of material augmented with habitat 
substrate (anticipated to consist of washed, 2-inch minus gravel).   
 
The filter layer will act as the chemical isolation layer, the armor layer will function to 
protect the filter layer from erosion, and the habitat layer will provide the appropriate 
substrate for benthic and salmonid habitat.  Application of the slope containment would 
result in the placement of approximately 2,200 cubic yards of filter layer, 900 cubic yards of 
armor layer, and approximately 300 cubic yards of a habitat layer (for a total placement 
volume of approximately 3400 cubic yards) over approximately 0.38 acre.  The amount of 
armor material required will be minimized as much as possible during design to maximize 
habitat considerations while ensuring erosion protection. 
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The specific containment materials and configuration of the bank excavation would be 
determined during design.  The caps would be designed in general accordance with 
applicable EPA and U.S. Army Corps of Engineers (USACE) capping guidance and would 
include an evaluation of slope stability, propeller wash scour, isolation effectiveness for the 
identified chemical concentrations below the cap, erosion during design river discharge 
events, and seismic stability.  For the purposes of the Final EE/CA, the maximum shoreline 
containment slopes (2H:1V) and materials identified were consistent with regional 
embankment designs that meet modeled and proven seismic stability.  During design, 
appropriate seismic design criteria will be developed, and slopes and/or materials may be 
modified to ensure seismic stability.   
 

2.4.2 Sediment Dredging 

The purpose of sediment dredging is to remove surface and subsurface sediments exhibiting 
elevated concentrations of chemicals of concern within the RAB and to dispose of them at an 
EPA-approved upland landfill.  This removal would serve to eliminate: 

1. Exposure to the highest risk surface sediments within the RAB  
2. A significant mass of contaminated sediments at depth from within the RAB 

 
For Alternative 2, sediment dredging is proposed within SMU-2, SMU-4A, SMU-4B, SMU-
4C, SMU-6, SMU-7, and SMU-9, and SMU-10 (Figure B-3).  For Alternative 3, sediment 
dredging is identical to Alternative 2 but also includes dredging in SMU-1A and SMU-1B 
(Figure B-4).  For Alternative 4, dredging is proposed within all the SMUs included in 
Alternative 3, but dredge elevations are deeper in some SMUs to facilitate complete removal 
of the vertical extents of total PCB RvAL exceedances (Figure B-5).  
 
Dredge design is based on surface and subsurface exceedances of the total PCB RvAL (12 
milligrams per kilogram [mg/kg] normalized for organic carbon [OC] content).  All other 
elevated concentrations of chemicals of concern within these SMUs would be remediated 
upon removal of total PCB concentrations above the RvAL.  The dredging would generally 
target the removal of the full depth of total PCB RvAL exceedances within each of these 
SMUs based on the existing subsurface core PCB data.  Based on current information, the 
dredge cuts would vary in thickness between 1 foot and 10.5 feet and the contractor would 
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be allowed an additional overdredge tolerance of 1 foot.  As described in the EPA letter dated 
September 6, 2005, the current data set for surface and subsurface sediment quality within 
the RAB is considered sufficient to facilitate the dredge design (EPA 2005).  If additional data 
is deemed necessary to facilitate the cleanup design following completion of the Final 
EE/CA, the additional information will be incorporated into later versions of this document.   
 
Post-dredge surveys will be performed to confirm contractor estimates of sediments removed 
from the target areas and to ensure that target depths are achieved.  If the post-dredge survey 
shows that the target elevations were not achieved, the contractor will perform the necessary 
additional dredging.  A final post-dredge survey will be performed to document the post-
construction mudline elevations.  Approximately 9,900 cubic yards is expected to be 
removed for dredging for Alternative 2; 11,000 cubic yards of material would be expected to 
be removed for dredging for Alternative 3; and 15,000 cubic yards of material proposed to be 
removed for dredging in Alternative 4. 
 
Dredging in all areas except SMU-2 and SMU-4B will be followed by the placement of clean 
material to bring the area back to existing grade.  The final elevations in the near channel 
portions of these SMUs will not be brought back to grade due to requirements to 
accommodate potential future maintenance dredging by USACE within and directly adjacent 
to the federal navigation channel.  The clean material is anticipated to increase the habitat 
quality of the post-construction surface through placement of habitat substrate (for example, 
2-inch minus material) in the upper 6 inches. 
 
The long-term monitoring requirements in each of the in-water SMUs will be based on the 
pre-removal sediment total PCB concentrations existing at the bottom of the designed dredge 
cut.  Total PCB concentrations that are above the RvAL will be designated cap material and 
concentrations below The RvAL will be designated as backfill material.  Areas designated as 
capped areas will include necessary long-term monitoring to assess the performance and 
integrity of the cap over time.  Areas designated as backfill material will have no long-term 
monitoring requirements, unless required by EPA to provide an evaluation of surface 
sediment concentrations based on ongoing river-wide sources of chemical concentrations.  If 
required, this monitoring data would not trigger any corrective actions if upland sources 
from the Facility are document as controlled.   
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2.4.3 Sediment Capping and Backfill 

The purpose of sediment capping is to physically and chemically isolate surface sediments 
exhibiting concentrations of chemicals of concern above the total PCB RvAL to limit 
exposure to elevated chemical concentrations in surface sediments within the RAB.  The 
only areas proposed for capping without first conducting dredging are in SMU-1A and  
SMU-1B in Alternative 2, as described in the following sections. Upon completion of the 
selected remedy, the entire area of the RAB is proposed to be covered with a combination of 
capping, backfill, and clean material placement to a minimum depth of 45 centimeters, 
which is the EPA-directed vertical point of compliance for the removal action.  
 
As described in the Final EE/CA, material that is placed as part of the selected remedy will 
either be designated as backfill or engineered cap material.  This designation will be based on 
the pre-removal sediment total PCB concentrations that will either be at the bottom of the 
dredge cut or the sediment total PCB concentrations at the base of the engineered cap in 
areas where dredging is not conducted.  Total PCB concentrations that are above the RvAL 
will be designated cap material and concentrations below the RvAL will be designated as 
backfill material.  Both types of material placement have similar construction requirements, 
but the engineered cap includes armoring to provide physical and chemical isolation of 
elevated chemical concentrations.  The specific cap configurations would be determined in 
the design in accordance with EPA (1998) and USACE guidance and would include at a 
minimum an evaluation of slope stability, wind wave analysis, propeller wash scour, isolation 
effectiveness for the identified chemical concentrations below the cap, erosion during design 
river discharge events, and seismic stability.  All materials used for capping are anticipated to 
be obtained from established upland borrow sources and should be free of large organic or 
other waste or debris.  All capping materials will have concentrations of all SMS-managed 
chemicals below the SQS criteria.  
 
For Alternative 2, an engineered cap is proposed based on the existing data set in SMU-1A, 
SMU-1B, SMU-2, SMU-4A, SMU-4C, and SMU-9.  Backfill is proposed for SMU-4B, SMU-6, 
SMU-7, and SMU-10 given the proposed removal in these areas will remove the full vertical 
extents of the total PCB RvAL exceedances (Figure B-3).  For Alternative 3, caps would be 
the same as Alternative 2, with the exception that SMU-1A would be designated as backfill 
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(Figure B-4).  Alternative 4 would only include the placement of backfill material given the 
full vertical extents of total PCB RvAL would be removed (Figure B-5). 
 
As previously described, the isolation or engineered cap was assumed to be composed of a 30-
inch filter layer (sandy gravel to gravelly sand), overlain by a 12-inch armor layer (riprap or 
cobble), further overlain by a 6-inch layer of habitat substrate (anticipated to consist of 
washed, 2-inch minus gravel).   
 
Following the placement of the capping material, a bathymetric survey of capped aquatic 
areas will be completed to verify and document that the cover meets the design specification 
with allowable overplacement. 
 

2.5 Discharge and Removal Methods 

All discharges of material will occur directly (for example, via placement of capping 
materials or the habitat layer) and indirectly (for example, through release of minimal 
incidental fallback from dredging and possible erosion of material placed as part of bank 
reconfiguration). 
 
The methods that will be used to implement the removal action will be more specifically 
developed during the design phase, but at this time are expected to include the following: 

• Bank reconfiguration is expected to occur using land-based excavation equipment (for 
example, excavators, front-end loaders, and dump trucks).  The removed material is 
expected to be stockpiled on the Facility in an area that adequately contains the 
material, and then transferred to trucks and/or rail cars for transport to the disposal 
facility.  The slope containment is expected to occur using the same type of land-
based excavation equipment.  It is expected that the slope containment materials will 
be placed in the dry to the extent possible.   

• Dredging is expected to be accomplished using a clamshell bucket suspended from a 
crane mounted on a barge.  The removed materials are expected to be placed on a 
barge equipped to hold dredge material and water, and transported to a nearby 
offloading facility.  At this location, the material on the barge would be offloaded and 
treated to reduce water in the sediment prior to placement onto trucks or railcars, or 
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would be offloaded directly into trucks or railcars for transport to the landfill.   
• Placement of cap/backfill material is expected to occur from the water side using 

mechanical methods with a clamshell bucket on a barge.  The clamshell bucket would 
release capping material just above the water line in areas identified for capping.  The 
work is expected to occur at higher tides as needed to provide the required depth to 
accommodate the equipment.    

 

2.6 Timing of Discharge 

Federal and state agencies have established work windows to be protective of potential 
effects to listed species due to construction activity.  In the LDW, the WDFW has 
recommended the following in-water work windows:  

• Salmon:  July 2 to March 2 
• Bull Trout:  October 1 to February 15 
• Surf Smelt:  April 1 to August 31  

− Does not apply because there is no surf smelt spawning habitat (that is, 
sand/gravel substrate in the intertidal and upper intertidal area) in the project area 

• Pacific Herring:  May 1 to January 14  

− Does not apply due to there not being any herring spawning habitat (that is, 
eelgrass) in the project area 

• Sand Lance:  March 2 to October 14  

− Does not apply due to there not being any sand lance spawning habitat (that is, 
sand/gravel substrate in the intertidal and upper intertidal area in the project area)  

 
For these reasons, the window that applies to this work is October 1 to February 15 to 
account for salmon and bull trout species that could be impacted by the proposed removal 
action.  Per the MOU (EMJ et al. 2007), the adjacent Boeing DSOA and RAB cleanup actions 
will occur concurrently.  The Boeing DSOA sediment corrective action is currently in the 
design phase and therefore the cleanup schedule is unclear.  Delays in planning and design 
phases of these concurrent projects will result in delays to initiation of the removal action at 
the RAB. 
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2.7 Sources and General Characteristics of Capping, Backfill and Habitat Layer 
Materials 

The sources of capping, backfill, and habitat layer materials will be identified based on 
criteria identified during the design process.  These materials will be obtained from 
established upland borrow sources, free of large organic or other waste or debris, and have 
chemical concentrations below the SQS criteria and anticipated target media cleanup levels 
to be established in the Record of Decision (ROD).  
 

2.8 Quantity of Material to be Removed and Discharged 

The expected quantity of material to be removed and discharged as part of the removal 
action alternatives is provided in Table B-2.  As previously noted, removal of material would 
occur for bank excavation and dredging to remove sediments with chemical concentrations 
above the total PCB RvAL exceedances.  Removal of any sediment from the RAB would 
result in some incidental fall-back of material as the clamshell is raised through the water.   
 

Table B-2  
Expected Quantity of Material to be Removed and Discharged  

as Part of the Removal Action Alternatives  

Quantity 
Alternative 1 
(No Action) Alternative 2 Alternative 3 Alternative 4 

Total 
Quantity 
Removed 

(cy) 

None 
• 6,000 (bank slope) 
• 9,900 (dredging) 
• 15,900 Total 

• 6,000 (bank slope) 
• 11,000 (dredging) 
• 16,800 Total 

• 6,000 (bank slope) 
• 15,000 (dredging) 
• 21,200 Total 

Total 
Quantity 

Discharged 
(cy)1 

None 

• 3,400 (bank cap) 
• 8,900 (water 

cap/backfill) 
• 12,300 (total) 

• 3,400 (bank cap) 
• 8,800 (water 

cap/backfill) 
• 12,200 (total) 

• 3,400 (bank cap) 
• 12,800 Backfill 
• 16,200 total 

Notes: 
1 Discharge includes materials placed for capping, backfill, and slope reconfiguration; incidental material is not 

expected to be in significant measurable quantities.
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3 RESOURCE IMPACT EVALUATION CRITERIA 

The 404(b)(1) guidelines require evaluation of the aquatic impacts associated with the 
discharge of dredged or fill material.  The purpose of the CWA Section 404(b)(1) as per 40 
CFR § 230.1(a) “is to restore and maintain the chemical, physical, and biological integrity of 
waters of the United States through the control of discharges of dredged or fill material.”  
Specifically, 40 CFR § 230.1(c) states that “dredged or fill material should not be discharged 
into the aquatic ecosystem, unless it can be demonstrated that such a discharge will not have 
an unacceptable adverse impact.”   
 
Section 230.11 of Subpart B of the Guidelines provides the four conditions that must be 
satisfied in order to make a finding that a proposed discharge complies with the requirements 
described in 40 CFR § 230.  These four conditions include:  

1. No discharge of dredged or fill material shall be permitted if there is a practicable 
alternative to the proposed discharge that would have less adverse impact on the 
aquatic ecosystem, so long as the alternative does not have other significant adverse 
environmental impacts (see Section 2.3) 

2. No discharge of dredged or fill material shall be permitted if it violates any water 
quality standards, jeopardizes any endangered or threatened species, or disturbs any 
marine sanctuaries (see Sections 4 and 5) 

3. No discharge of dredged or fill material shall be permitted that will result in 
significant degradation of any waters of the United States, including adverse effects 
on human health or welfare, effects on municipal water supplies, aquatic organisms, 
wildlife, or special aquatic sites (see Sections 6 and 7) 

4. No discharge of dredged or fill material shall be permitted unless appropriate and 
practicable steps have been taken that will minimize potential adverse impacts (see 
Sections 8, 9, and 10) 

 
The potential impacts of the proposed removal action are evaluated based on conditions set 
forth in 40 CFR Subpart B § 230.11, and the factual determination and discussion of 
conditions for compliance are provided in Sections 11 and 12. 
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4 POTENTIAL IMPACTS ON PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE 
AQUATIC ECOSYSTEM 

4.1 Substrate 

The bank stabilization, dredging, and discharge of slope containment material as proposed in 
three of the alternatives for the RAB will alter the substrate characteristics of the Facility, 
but this alteration is expected to be beneficial to the aquatic ecosystem.  In areas where bank 
reconfiguration is proposed, the physical characteristics of the bank will be modified and 
new, clean substrate will be introduced, stabilizing the bank and preventing further erosion 
of contaminated material into the river.  Dredging will alter bottom topography and disturb 
the existing benthic community, but removal of the highest chemical concentrations and 
replacement with clean substrate is intended to provide an overall long-term net benefit to 
the aquatic ecosystem.   
 
The caps proposed to be placed in the RAB will isolate the underlying chemically 
contaminated substrate and (with the exception of SMU-4B in the federal navigation 
channel, which will not be brought up to grade due to potential USACE future maintenance 
dredging requirements)  bring elevations back up to grade after dredging. This will result in 
improved habitat that is similar in topography and substrate characteristics and will provide 
improved habitat conditions for benthic organisms and aquatic species.  All of the potential 
cleanup activities described in Section 3 would result in long-term benefits to aquatic 
resources. 
 

4.2 Suspended Particulates/Turbidity 

Some localized increases of suspended particulate levels and turbidity above ambient river 
conditions are expected during dredging of sediments and discharge of fill material.  These 
effects are considered minor but unavoidable.  Best management practices (BMPs) described 
in Section 9 will be employed during bank reconfiguration, dredging, and capping activities 
to minimize the potential for increased suspended sediment and turbidity levels.  For 
example, due to the potential for vessel traffic in the dredging and capping areas, operational 
controls (as opposed to a silt curtain or similar device) are considered the most effective 
measure for control of turbidity.  An example of an operational control is to minimize 
sediment suspension by progressively slowing construction activities until turbidity 
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exceedances are no longer detected outside of the compliance boundary, or by decreasing 
dredging cycle times to decrease turbidity plumes until the suspended sediment settles. 
In addition, all dredging operations will be monitored closely and managed carefully to 
minimize suspended sediment effects according to the CWA Section 401 Water Quality 
Certification for the project.  Turbidity levels will be monitored at the compliance boundary 
during bank reconfiguration, dredging, and capping, and activities will be suspended if 
turbidity levels increase above regulated levels.  
 
Turbidity arising from discharge of fill material is expected to dissipate quickly, and due to 
the short-term nature of the disturbance and clean state of materials being used for capping, 
suspended particulates resulting from this activity are not expected to have a permanent or 
negative impact on the aquatic ecosystem.  All of the potential cleanup activities described 
result in long-term benefits to aquatic resources. 
 

4.3 Water Quality 

Water quality conditions are expected to improve because of removal or isolation of existing 
contaminated sediments in the RAB.  Water quality within the RAB will be monitored in 
accordance with the appropriate regulations.  Long-term negative water quality impacts are 
not expected because of any actions proposed under the alternatives.  All of the potential 
cleanup activities described result in long-term benefits to aquatic resources. 
 

4.4 Current Patterns, Water Circulation and Fluctuations 

The proposed alternatives will not permanently alter nor substantively affect current 
patterns, water circulation, or normal water fluctuations.  
 

4.5 Salinity 

No change is expected in the overall salinity gradient of the river because of the proposed 
alternatives. 
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5 POTENTIAL IMPACTS ON BIOLOGICAL CHARACTERISTICS OF THE AQUATIC 
ECOSYSTEM 

5.1 Threatened and Endangered Species 

Jorgensen Forge has prepared a Preliminary Draft BA for the RAB as Appendix A to the Final 
EE/CA.  The BA, once formally submitted, will be used for consultations with the National 
Marine Fisheries Service (NMFS) and the U.S. Fish and Wildlife Service (USFWS) to ensure 
compliance with the ESA.   
 
Species with federal ESA status that may occur in the RAB include Chinook salmon 
(Oncorhynchus tshawytcha) Puget Sound Evolutionary Significant Unit (ESU), steelhead 
(Oncorhynchus mykiss) Puget Sound Distinct Population Segment (DPS), and bull trout 
(Salvelinus confluentus).  Potential direct and indirect impacts on Pacific salmonids assessed 
in the BA include those resulting from disturbance to food sources, entrainment, water 
quality impacts, and alteration of nearshore habitat.  Although some individual organisms 
may experience short-term adverse effects, the proposed removal action will provide long-
term benefits for listed species by removing contamination from the RAB.  In addition, the 
proposed alternatives will result in a slight increase of shallow water habitat (that is, habitat 
shallower than -10 feet MLLW), which is important for juvenile salmonid migration and 
rearing (see Section 5.1.2.2 of the Preliminary Draft BA [Appendix A to the Final EE/CA]).  
The overall impact of the completed project on listed species is anticipated to be a net long-
term benefit.  All of the potential cleanup activities result in long-term benefits to threatened 
and endangered species. 
 

5.2 Aquatic Food Web 

Baseline chemical characteristics of sediments in the RAB indicate that concentrations of 
several inorganic and organic compounds present in sediments may affect benthic 
invertebrates, fish, and wildlife.  Under current conditions, the food chain may be adversely 
impacted due to the presence of these chemicals.  Bank reconfiguration, dredging, and 
containment activities will either remove or isolate the elevated sediment chemical 
concentrations from exposure to aquatic receptors, precluding the availability of the 
contaminated sediment throughout the food chain.  
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Dredging and discharge of fill materials for capping or backfilling may disrupt existing 
benthic invertebrate communities and fish access to the RAB during implementation of the 
project, but this is anticipated to be a minor loss to the aquatic food web.  Cap and backfill 
material will provide a clean substrate that will be quickly colonized by benthic 
invertebrates and access to the RAB for fish will be reopened.  Because of the removal action, 
reductions in contaminants exposure will provide a significant overall improvement over 
existing conditions for aquatic organisms and the aquatic food web.  
 

5.3 Wildlife 

As an active industrial area, present use of the RAB by terrestrial wildlife is limited.  Sea 
lions, humpback whales, turtles, and killer whales could theoretically be present, but are 
extremely unlikely due to human activity and industrialization.  Bird and wildlife use and 
access may be disrupted during construction; however, these impacts will be short-term and 
localized to the RAB.  Overall, the proposed alternatives will improve the aquatic 
environment in the long term, which will improve habitat conditions for birds and wildlife 
that rely on the aquatic habitat in the RAB. 
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6 POTENTIAL IMPACTS ON SPECIAL AQUATIC SITES 

6.1 Sanctuaries and Refuges 

Not applicable to the RAB.  
 

6.2 Wetlands 

Not applicable to the RAB.  
 

6.3 Mudflats 

A mudflat is exposed at low tide in the vicinity of SMU-1A and SMU-1B.  Under 
Alternative 2, this area would be capped, and under Alternatives 3 and 4, SMU-1A and SMU-
1B would be dredged and then backfilled or capped back to the existing grade.  The cap 
material will result in a temporary change in habitat type of the mudflat area, but the 
dynamics of the river are expected to return the area to characteristic mudflat over time.  
However, because of the removal action, reductions in contaminants exposure will provide a 
significant overall improvement over existing conditions for aquatic organisms and the 
aquatic food web.   
 

6.4 Vegetated Shallows 

Not applicable to the RAB.  
 

6.5 Riffle and Pool Complexes 

Not applicable to the RAB.  
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7 POTENTIAL EFFECTS ON HUMAN USE CHARACTERISTICS 

7.1 Municipal and Private Water Supplies 

Presently, there are no water intakes at or in the vicinity of the RAB.  The 2001 Central 
Puget Sound Regional Water Supply Outlook (CPWSF 2001), an extensive assessment of 
water supply and demand in the three-county area including King, Pierce, and Snohomish 
Counties, does not indicate that the LDW is being considered as a source for King County 
municipal water supplies.  For this reason, no impact on municipal and private water supplies 
is anticipated due to the proposed alternatives.  
 

7.2 Recreational and Commercial Fisheries 

There is an active commercial Tribal fishery run by the Muckleshoot Tribe on the LDW, and 
some recreational fishing may occur in the LDW (Windward 2007).  No long-term loss of 
fishing opportunities is expected because of dredging and capping activities, and elimination 
of contaminant exposure will contribute to a healthier fishery for the area, as well as reduce 
any possible human health risk associated with food chain interaction. 
 
The dredging and/or capping activities conducted under each of the proposed alternatives 
would have some temporary effects on fish and fishing.  In reaction to construction activities, 
fright response may lead to fish being temporarily driven from the area.  Fish remaining in 
the area could be exposed to increased turbidity levels during dredging and cap or backfill 
placement.  All recreational or commercial fishing activities would be displaced from the 
RAB vicinity during the project; however, construction would take place during the 
recommended work window (October 1 to February 15) when the fewest number of salmon 
species are expected to be in the area.   
 

7.3 Water-related Recreation 

Any water-related recreation may be temporarily impeded by dredging, capping and 
backfilling activities within the RAB, but this is expected to be a short-term impact, effective 
only while the in-water work is being conducted.  Access to the shoreline bank area within 
the RAB is prohibited by an existing fence along the top of bank area.  While there are 
residential areas bordering the LDW and public access points exist, it is not a major area for 
recreational use compared to other waterbodies in and around Seattle (Windward 2007).  
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Potential recreational activities within and near the RAB that have been identified in other 
areas of the LDW include motor boating, kayaking, canoeing, and sport fishing.  Due to the 
extensive commercial and industrial use of the LDW, recreational activities such as 
swimming, SCUBA diving, and windsurfing are not common (King County 1999).   
 

7.4 Aesthetics 

The RAB is located within a heavily industrialized area of the LDW.  No significant change 
in aesthetics is anticipated. 
 

7.5 Parks, Natural and Historical Monuments, National Seashores,  
Wilderness Areas, Research Sites, and Similar Preserves 

There are no parks, natural or historical monuments, national seashores, wilderness, research 
sites, or similar preserves located within the vicinity of the RAB that would be impacted by 
the proposed alternatives.  
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8 EVALUATION AND TESTING OF DISCHARGE MATERIAL 

Section 2.7 provides a discussion of the discharge material sources and characteristics for the 
proposed alternatives.  Final selection of any engineered cap and habitat layer materials 
included in the selected removal action alternative will occur through the design phase.   
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9 PROPOSED ACTIONS TO MINIMIZE ADVERSE EFFECTS TO THE AQUATIC 
ENVIRONMENT 

Proposed actions to minimize potential adverse effects to the aquatic environment are 
provided in this section and are discussed in the Preliminary Draft BA (Appendix A to the 
Final EE/CA).  
 

9.1 General 

Water quality in the project area will be monitored and compared against all applicable 
water quality standards to comply with the Water Quality Certification for the project.   
 
Due to the potential for vessel traffic in the dredging and capping areas, operational controls 
(as opposed to anchor silt curtains or similar rigid containment devices) are considered the 
most effective measure for control of turbidity.  For example, construction activities can be 
progressively slowed until turbidity exceedances are no longer detected outside of the 
compliance boundary to minimize sediment suspension, or dredging cycle times can be 
decreased to decrease turbidity plumes until the suspended sediment settles.   
 
In-water work for this project will comply with the timing restrictions specified in the in-
water work window, when salmonids are expected to be either not present or present only in 
very low numbers.  In the LDW, the in-water work window extends annually from 
October 1 to February 15 (USACE work window); thus, in-water construction activities 
would occur between these dates.   
 
Operations will be stopped temporarily if listed species are observed as injured, sick, or dead 
in the project area to determine whether additional fish are present and to ensure that 
operations may continue without further impact.  NMFS Law Enforcement will be notified, 
and fish will be handled with care to ensure effective treatment or analysis of cause of death 
or injury.   
 
Prior to entering the water, all equipment will be checked for leaks and completely cleaned 
of any external petroleum products, hydraulic fluid, coolants, and other deleterious 
materials.   
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A spill containment and control plan will be kept on site during construction activities and 
will contain notification procedures, specific cleanup and placement instructions for 
different products, quick response containment and cleanup measures that will be available, 
proposed methods for placement of spilled materials, and employee training for spill 
containment. 
 
The contractor will establish an Environmental Protection Plan (EPP), which prevents 
environmental pollution and minimizes environmental degradation during and because of 
construction operations, including consideration of noise levels, air, water, and land.  The 
EPP will establish and maintain quality control for environmental protection of all proposed 
actions.  Erosion and turbidity control measures will also be included in the EPP.   
 

9.2 Bank Excavation and Containment 

The slope containment layer and armor along the shoreline are anticipated to be placed in 
the dry to the extent possible..   
 
To ensure proper slope containment placement, containment materials will be placed in a 
controlled and accurate manner.   
 
Bathymetry information may be used in deeper areas to verify adequate coverage during and 
following material placement.   
 
Containment materials will be imported material that meets natural background 
contamination levels. 
 
Surface booms, oil-absorbent pads, and similar materials will be available for any sheen that 
may occur on the surface of the water during construction.  
 
If there is contaminated excavated material following construction that requires stockpiling 
and landfill disposal, proper sediment and erosion control methods will be implemented to 
contain the material and prevent any material from re-entering the LDW.   
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The amount of armor material required will be minimized as much as possible during design 
to maximize habitat considerations. 
 

9.3 Dredging 

During transport and handling of sediment, adequate containment measures and inspections 
will be employed to minimize spillage. 
 
Differential GPS or Real Time Kinematic (RTK) will be used to ensure material removal from 
the proper locations will be also used for correct bucket location during dredging. 
 
Closed dredge buckets may be used on soft sediments; however, they have been found to be 
ineffective in firmer sediments in the Duwamish River. 
 
Standard barge loading controls will be observed including no barge overfilling.  The barge 
would be loaded so that enough of freeboard remains to allow for safe movement of the 
barge and its material on its planned route. 
 
No material shall be allowed to leak from the bins or overtop the walls of the barge. 
 
Equipment such as fuel hoses, oil drums, and oil or fuel transfer valves and fittings will be 
checked regularly for drips or leaks and shall be maintained to prevent spills to the river. 
 
The dredged material will be disposed of in a manner consistent with its characterization.  
Dredge material will be transported to an approved upland landfill.  No material will be 
allowed to re-enter any waterway at the offloading facility. 
 



 
 
 

Appendix B – Preliminary Draft 404 Evaluation  March 2011 
Final EE/CA – Jorgensen Forge Facility B-28 080224-01 

10 ANALYSIS OF PRACTICABLE ALTERNATIVES 

The Final EE/CA presents a complete detailed description and analysis of all practicable 
alternatives considered for the removal action.  
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11 FACTUAL DETERMINATIONS 

11.1 Physical Substrate Determinations 

Dredging will be conducted for the sediments with the highest chemical concentrations that 
can be practicably dredged.  Capping will be conducted where contaminant depths are too 
great for dredging to be effectively and practicably implemented or where contaminant 
concentrations are marginally elevated but still need to be addressed.  Implementation of 
these actions will result in alteration of physical substrates.  These alterations are judged 
environmentally beneficial because elevated chemical concentrations in exposed sediments 
will be significantly reduced, and sediments in capped areas will be immobilized.   
 
Factual determination reserved for EPA.    
 

11.2 Water Circulation and Fluctuation Determinations 

Dredging and capping/backfilling activities are not expected to disrupt current patterns and 
water circulation at the RAB or in the LDW either during or after construction.  
 
Factual determination reserved for EPA.   
 

11.3 Suspended Particulate Materials and Turbidity Determinations 

The proposed dredging and discharge of cap/backfill materials are expected to result in some 
short-term and localized increases in turbidity.  These would be most likely to occur close to 
where dredging or capping/backfilling activities are occurring.  These potential effects would 
be mitigated by monitoring water quality in appropriate locations, and implementing BMPs 
to reduce turbidity if it exceeds acceptable levels.  A water quality monitoring plan and a 
plan for implementing BMPs will be developed during the design phase.  The proposed 
actions will improve water quality in the long term and provide a net benefit to aquatic 
resources.  The project will implement the BMPs and controls discussed in Section 9 to 
minimize any potential impacts related to suspended particulate materials and turbidity. 
 
Factual determination reserved for EPA.   
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11.4 Contaminant Determinations 

The proposed alternatives will greatly reduce if not remove elevated chemical concentrations 
identified in the RAB sediments.  Removal of these materials and the discharge of clean fill 
materials for the purpose of capping, backfilling, bank stabilization, and new habitat will 
provide a new, clean bed surface that will significantly reduce exposure of ecological and 
human receptors to potentially toxic concentrations of contaminants.  
 
Factual determination reserved for EPA.   
 

11.5 Aquatic Ecosystem and Organism Determinations 

The dredging and capping/backfilling activities associated with the proposed alternatives 
may have temporary and localized adverse impacts on the aquatic ecosystem and organisms.  
Slope excavation will result in the creation of a small amount of intertidal area due to 
shallowing of the slope.  Dredging and discharge of fill materials for capping/backfilling 
activities will impact existing benthic invertebrate communities and disrupt fish access to the 
project area during implementation of the removal action.  Capping/backfill material will 
provide clean substrates that will be quickly recolonized by benthic invertebrates.  After 
construction is complete, access to the project area for fish will be restored.  It is expected 
that the long-term reduction of exposure to elevated chemical concentrations will provide a 
significant improvement over existing conditions for the aquatic ecosystem and organisms as 
the result of the proposed removal action alternatives.   
 
Factual determination reserved for EPA.   
 

11.6 Determination of Cumulative Impacts on the Aquatic Ecosystem 

As defined in 40 CFR 230.11(g)(1), cumulative impacts are the changes in the aquatic 
ecosystem that are attributable to the collective effect of a number of individual discharges of 
dredged or fill material into waters of the United States.  Although the impact of a particular 
discharge may constitute a minor change in itself, the cumulative effect of numerous 
discharges in an area can result in a major impairment of the water resources and interfere 
with the productivity and water quality of the existing ecosystem. 
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Use of the project area by resident and migratory fish and resident and migratory birds will 
be minimized during construction due to the disruptive activities.  Placement of the clean 
cap/backfill material will result in the immediate loss and/or displacement of existing benthic 
and epibenthic organisms.  It is expected, however, that complete recolonization will occur 
upon completion of construction and the development of healthier community will follow.  
Impacts will be short and minor in nature.  The dredging and capping/backfilling impacts are 
not considered to have significant negative effects either individually or cumulatively.  The 
overall improvement of habitat quality and ecosystem function, because of removal and/or 
isolation of the contaminated sediments, will result in a long-term cumulative benefit.  
 
Factual determination reserved for EPA.   
 

11.7 Determination of Secondary Impacts on the Aquatic Ecosystem 

The intent of undertaking the removal action is to reduce risks to human health and the 
environment posed by contaminated sediments.  The proposed actions will not directly cause 
other actions to occur that would affect the aquatic environment; therefore, secondary 
effects on the aquatic environment from the LDW would remain substantially unchanged 
because of the proposed actions.  
 
Factual determination reserved for EPA.   
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12 REVIEW OF CONDITIONS FOR COMPLIANCE 

12.1 Availability of Practicable Alternatives 

The Final EE/CA alternatives analysis will determine if each alternative is available and 
practicable.  It is expected that each of the three “active” alternatives under consideration 
will be found to be available and practicable. 
 

12.2 Compliance with Pertinent Legislation 

Removal action activities within the LDW Superfund Site must comply with the substance of 
any identified legally applicable requirement to the extent practical or receive an applicable 
or relevant and appropriate requirements (ARARs) waiver allowed by EPA guidance under 
certain circumstances.  Federal and State of Washington potential ARARs are compiled and used 
as evaluation criteria for the removal alternatives in the EE/CA evaluation.  Table 4-1 of the 
Final EE/CA includes all potential ARARs for the proposed removal action alternatives.  
Removal action activities do not have to comply with the corresponding procedural 
requirements, such as permit applications, reporting obligations, and record keeping requirement 
but must comply with all substantive and procedural legally applicable requirements.  
 

12.3 Potential for Significant Degradation of Waters of the United States as a 
Result of the Discharge of Polluted Materials 

Due to methods of construction employed, measures to minimize water quality effects, and 
RAB conditions, the potential for long-term degradation of the waters of the United States 
because of the discharges evaluated here is considered unlikely.  In fact, the objectives of the 
action are to minimize degradation of the water through removal or isolation of sediments 
with elevated chemical concentrations.  Short-term water quality effects during construction 
are anticipated and are expected to be minor and localized in nature. 
 

12.4 Steps to Minimize Potential Adverse Impacts on the Aquatic Ecosystem 

Section 9 of this document includes effects minimization actions and conservation measures 
designed to reduce potential effects of the activities and construction methods that will be 
employed in the implementation of the recommended removal action alternative.  These 
actions are preliminary in nature and will be refined once the design of the recommended 
alternative progresses.  
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

REGION 10 


1200 Sixth Avenue 

Seattle, WA 98101 


September 6, 2005 

Reply to 
Attn Of: AWT-121 

Mr. Will Ernst 
Company Energy and Environmental Affairs 
The Boeing Company 
P.O. Box 3707 

MC lW-12 

Seattle, WA 98124-2207 


Re: 	 Duwamish Sediment Other Area 

Alternative Corrective Measures Evaluation Report 

Boeing Plant 2 Seattle/Tukwila, Washington 

EPA ID No. WAD 00925 6819 

RCRA Docket No. 1092-01-22-3008(h) 


Dear Mr. Ernst: 

In accordance with Paragraph 10.3 of the January 1994 Administrative Order on 
Consent (Order) issued to The Boeing Company (Boeing) pursuant to Section 3008(h) of 
the Resource Conservation and Recovery Act (RCRA), as amended, 42 U.S.C. 6928(h), 
this letter documents the U.S. Environmental Protection Agency's (EPA) modification to 
the Alternative Corrective Measures Evaluation Report (ACMER) regarding the extent 
of the Duwamish Sediment Other Area (DSOA) in the Lower Duwamish Waterway. 

The southern/upriver boundary of the DSOA shall be extended to the line from 
the top of the slope of the bank along the Jorgensen Forge waterfront westward to the 
margin of the Federal navigation channel through sediment sample locations SD-SWYI9 
and SD-DUW162. This line is approximately parallel to the Jorgensen Forge Outfall 009 
and the southern boundary ofArea I as depicted in the May 10, 2005 South Boeing Plant 
2 and the Jorgensen Forge Waterfront Area Geospatial Analysis and shown in the 
enclosed Figure I. Boeing is hereby directed to revise the ACMER to incorporate the 
modification to the DSOA boundary, and to incorporate it into all future DSOA design 
phase and implementation submissions. 

EPA will require that the entire reach of the Duwamish Waterway adjacent to the 
Boeing Plant 2 and Jorgensen Forge be addressed as necessary. For the area within the 
Duwamish Waterway which is bounded upriver by the Jorgensen Forge/Boeing Isaacson 
property boundary and downriver by the Jorgensen Forge Outfall 008, EPA will issue an 
Order pursuant to the Comprehensive Environmental Response Compensation and 
Liability Act (CERCLA) to Jorgensen parties to address contaminated sediment and soil. 
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The downriver Outfall 008 boundary line from which the Jorgensen parties have 
responsibility shall be from the top ofthe slope of the bank along the Jorgensen Forge 
waterfront westward to the margin of the Federal navigation channel through sediment 
sample locations SD-318 and SD-207 as shown in the enclosed Figure 1. For the 
transition area which is bounded upriver by Jorgensen Forge Outfall 009 and downriver 
by Jorgensen Forge Outfall 008, EPA anticipates either 1) Boeing and Jorgensen parties 
will enter into a written agreement to share responsibility for this portion of the 
Duwamish Waterway; and this agreement shall be incorporated into and become an 
enforceable part ofboth the projected Jorgensen CERCLA Order and the above
referenced Boeing Order; or 2) EPA will compel Boeing and Jorgensen to address this 
area together, including coordinated transitions between the Boeing and Jorgensen areas, 
respectively, and the transition area between them. The ultimate result in either case 
should be to ensure a smooth implementation of the DSOA, Jorgensen Forge and 
transition area sediment cleanups. Boeing and Jorgensen parties are encouraged to use 
Alternate Dispute Resolution (ADR) if necessary to facilitate their negotiations and any 
allocation of costs for the transition area. EPA is willing to participate in such ADR if 
the parties believe such participation will be beneficial. 

Rationale for Modification to DSOA Boundary 

This decision to modify the DSOA boundary is based upon the analytical results 
from surface and subsurface sediment sampling of the southern Boeing Plant 2 and 
Jorgensen Forge waterfront area taken by Boeing in the summer of2003 and the spring 
of2004 and by the U. S. Army Corps of Engineers (USACE) on behalfof EPA in the 
summer of2004. The August 2003 Boeing sampling event was conducted as part of the 
Phase I Transformer PCB Investigation within the area known as Area D. Sediment 
sampling was taken by Boeing in the area known as Area I in April, 2004. Area I is 
bounded on the north by the western margin ofthe original DSOA as proposed by 
Boeing; on the west by the Federal navigation channel, on the east by a line 50 feet off 
the toe of the riprap slope, and on the south by the southern property line of the Jorgensen 
Forge facility. The USACE/EPA sampling took place during August 2004 in the area 
known as Area E which is bounded on the east by the toe of the riprap slope, on the west 
by a line 50 feet off the toe of the riprap slope, on the north by the Boeing Plant 
2/Jorgensen Forge property boundary and on the south by the southern line of the 
Jorgensen Forge facility. In addition, Jorgensen Forge conducted surface and subsurface 
sediment sampling during May 2005 in the nearshore area adjacent to their facility, 
especially in the vicinity of the northwest comer and in the vicinity of Jorgensen Forge 
outfalls 001 through 005. Combining the Jorgensen Forge sampling along with the 
sampling within Areas D, E and I gives adequate surface and subsurface sampling 
coverage from the Boeing Plant 2/Jorgensen Forge property boundary to the southern 
boundary of the Jorgensen Forge facility, and from the toe ofthe riprap slope to the 
Federal navigation channel. 

EPA, Washington Department ofEcology (Ecology) and Boeing representatives 
conducted joint work during March and April 2005 to evaluate and use the Area E and 
Area I data to support this boundary decision. The South Boeing Plant 2 and the 
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Jorgensen Forge Waterfront Area Geospatial Analysis (Geospatial Analysis) was 
produced as a result of this work. The Geospatial Analysis was submitted to the EPA and 
Boeing Project Managers on May 10,2005. 

Subsequently, Boeing submitted the Phase II Transformer PCB Investigation 
Report (Phase II Report) to EPA on August 3, 2005. The Phase II Report included an 
investigation ofthe Plant 2-Jorgensen Forge border area stormwater system. Data from 
the stormwater system investigation was also factored into this decision. 

The Geospatial Analysis clearly shows a hotspot ofhigh PCB contamination at 
various depths in Duwamish Waterway sediment which extends upriver from the Boeing 
Plant 2/Jorgensen Forge property boundary to the line extending westward from 
Jorgensen Forge Outfall 009. The highest interpolated concentration oftotal PCBs 
within this hotspot is 37 milligrams per kilogram (mglkg) at sample point SD-DUW157D 
(Figures 1 and 2). 

The stormwater system investigation which was part of the Phase II Report 
identified a 24 inch storm drain along the Boeing Plant 2 property southern boundary that 
could be contributing PCB contamination to the Duwamish Waterway. Boeing sampled 
solids within this 24-inch drainage line. Concentrations of total PCBs within these drain 
lines ranged from 68 to 10,000 mglkg. PCB concentrations in solids throughout the 
length of the 24-inch drain are very variable. This difference in PCB concentrations 
could be explained by several factors including proximity to source, differences in 
physical characteristics ofthe sampled solids, and tidal influences which may cause back 
flushing and redistribution ofPCB concentrations. 

The ACMER should be based on the expectation that all sources of contamination 
will be controlled to the extent practicable prior to commencement of sediment dredging 
and/or capping. EPA further expects that Boeing will control all sources related to 
releases from Plant 2 and Jorgensen Forge will control all sources related to its facility. 

The revised ACMER must describe the mechanism, consistent with the foregoing, 
for ensuring integrated implementation of sediment work in the DSOA, Jorgensen, and 
transition areas. 

Paragraph 10.3 of the Order requires Boeing to submit the revised ACMER 
within 30 days of receipt of this letter, unless Boeing invokes the Dispute Resolution 
provisions under Paragraph 17.2 of the Order. However, based on the September 2,2005 
telephone request to me by Michael Gleason ofBoeing, EPA agrees to require Boeing to 
resubmit the ACMER by January 31,2006. 
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If you have any technical questions, please call me at (206)553-2851 or email at 
Orlean.Howard@epa.gov. Should you have any legal questions, please call Charles 
Ordine at (206)553-1504 or email at Ordine.Charles@epa.gov. 

Sincerely, 

~~
Howard Orlean 
Project Manager 

Enclosures 

cc: ,Peter Jewitt, Farallon Consulting 
v David Templeton, Anchor Consulting 


William S. Johnson, Earle M. Jorgensen Company 

Michael Gleason, Boeing 

Hideo Fujita, Ecology NWRO 

Brad Helland, Ecology NWRO 

John Keeling, Ecology NWRO 

Glen St. Amant, Muckleshoot Tribe 

Marla Steinhoff, NOAA 

John Wakeman, ACOE 


 

mailto:Ordine.Charles@epa.gov
mailto:Orlean.Howard@epa.gov
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~FrEirSSTATES ENVIRONMENTAL PROTECTION AGENCY 

REGION 10 


1200 Sixth Avenue, Suite 900 

Seattle, Washington 98101-3140 


August 8, 2008 

Reply To: AWT-121 

CER'I'IFIED MAIL - RETURN RECEIPT REQUESTED 

Mr. Peter Jewitt 
Farallon Consulting, LLC 
320 Third Avenue, N.B., Suite 200 
Issaquah, Washington 98027 

Mr. William S. Johnson 
Earle M. Jorgensen Company 
10650 South Alameda 
Lynwood, California 90262 

Re: Target Sediment Remedial Boundary, Vertical Point of Compliance, and Target 
Sediment Cleanup Level, Administrative Order on Consent, Jorgensen Forge 
Facility, Tukwila, Washington, Comprehensive Environmental Response, 
Compensation, and Liability Act, as amended, U.S. EPA Docket No. CERCLA 10, 
2003-0111 . 

Dear Mr. Jewitt and Mr. Johnson: 

Per our discussions on July I, 2008, the Environmental Protection Agency, Region 10 
("EPA") is providing the following clarifications for completing the draft Engineering 
Evaluation/Cost Analysis (EE/CA) for remediation of contaminated sediments at the Jorgensen 
Forge Facility: . 

1) Target Sediment Remedial Boundary. As we have discussed, EPA is satisfied with 
the proposed horizontal/areal boundary with the exception of the area west of sample SD DUW 
322, which contains PCBs at depth at concentrations above the State ofWashington Sediment 
Quality Standard (SQS). EPA requires that the proposed boundary be moved 20 feet west of this 
sample to ensure that all PCBs above the SQS be rimIediated. 

2) Vertical Point of Compliance. The vertical point of compliance must be located at a 
depth of 45 centimeters (approximately 18 inches) from the original surface of the sediments. 
EPA understands that Jorgensen is proposing a target depth of 10 centimeters, but recent studies 
indicate that a target depth of 45 cms is appropriate. The degree ofbioturbation and other 
biological activity in the sediment may be uncertain, but a growing body ofevidence indicates 
that it plays an important role in sediment mixing and contaminant transport. In most coastal or 
marine environments, bioturbation can be predicted to extend down to 20 to 60. cm, whereas in 
freshwater environments, comparable depths would be 20 to 40 em (Clarke, 2001). 
"Bioturbation...has been proposed as an additional and very significant pollutant transport 



process. Bioturbation may be responsible for a major, ifnot dominant, fraction of the chemical 
quantities released from sediments to the water column. Including bioturbation may changeour 
ideas about how natural attenuation processes work and enable engineers and scientists to make 
credible long-term predictions ofremediation's impact and consequences." (Thibodeaux and 
Bierman 2003). In addition to the burrowing activity of the benthic community, probing by 
bottom fish such as English sole as part of their standard feeding behavior will break up 
consolidated material and increase the likelihood of erosion, which is not factored into the model 
Since this facility is located in an estuary which includes both freshwater and marine 
environments depending on the tide, a median value of 45 cm (approximately 18 inches) would 
be an appropriate point of compliance. 

3) Target Sediment Cleanup Level. The EE/CA must be revised to utilize target 
cleanup levels at the vertical point of compliance protective of aquatic organisms as well· as the 
people who consume fish and shellfish harvested from the Duwamish Waterway consistent with 
the approach being used for the human health risk assessment for the Lower Duwamish 
Waterway CERCLA Site. In order to calculate these target cleanup levels, Respondent must 
utilize the Tulalip Tribes' fish and shellfish consumption rate as a surrogate for the amount of 
fish and shellfish which could potentially be affected by releases from this Facility (Toy et aI., 
1996, see also Kissinger, 2005(a». Respondentmaymake an assumption that adult salmon 
harvested in the Duwamish Waterway are not likely to have accumulated significant 
concentrations of contaminants associated with releases from the Facility, based on the relatively 
short period of their lives spent in the vicinity. The consumption rate for salmon therefore is not 
required to be included in the calculation. Tribal child fish and shellfish ingestion rates must be 

, assumed to be 40% of the adult consumption rate. . . 

This clarification does not require that Jorgensen will have to remove contaminated 
sediments to a depth consistent with these values, but Jorgensen must provide evidence that 
ensures that the concentration of contaminants at the point of compliance does not exceed the 
target cleanup levels upon completion of the remedy or in the future as a result of contaminant 
migration from any concentrations left at depth above the Target Sediment Cleanup Levels. At a 
minimum, all contaminated media in exceedance of the SQS values must be removed regardless 
ofthe depth at which it is found. 

The current submission date for the EE/CA is October I, 2008. Due to the need for 
today's clarifications, Jorgensen is advised that a reasonable extension request would be granted 
should additional time be needed for preparation of a fully responsive, complete EE/CA. Should 
you have questions or comments, please call me at 206-553-4166, or email me at 
Blocker.Shawn@epa.gov. 

Si~ceryly, _ () 

'xfJifo¥L------<....) . 

Shawn Blocker 
Project Coordinator 
RCRA Corrective Action and Permits Team 

mailto:Blocker.Shawn@epa.gov


cc: 	 Hideo Fujita, Ecology - NWRO 
Brad Helland, Ecology - NWRO 
Amy Essig Desai - Farallon Consulting 
David Templeton - Anchor Environmental 
Ryan Barth - Anchor Environmental. 
BJ Cumming - DRCC 
Marla Steinhoff - NOAA 
John Wakeman- USACE 
Lisa Cass - USACE 
Glen St. Amant - Muckleshoot Indian Tribe Fisheries Division 
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975 5th Avenue Northwest, Issaquah, Washington 98027 
Tel: (425) 295-0800 Fax: (425) 295-0850

www·forallonconsulting.com 
FARALLO 

consulting 	

September 11, 2008 

Mr. Shawn Blocker 
U.S. Environmental Protection Agency, Region 10 
1200 Sixth Avenue, Suite 900 
Seattle, Washington 98101-3140 

RE: 	 REQUEST FOR ADDITIONAL CLARIFICATION ON TARGET SEDIMENT 
CLEANUP LEVELS AND EXTENSION FOR THE DRAFT EE/CA SUBMITTAL 
JORGENSEN FORGE FACILITY 
SEATTLE, WASHINGTON 
FIRST AMENDMENT AOC, U.S. EPA DOCKET NO. CERCLA 10-2003-0111 
FARALLON PN: 831-021 

Dear Mr. Blocker: 

Anchor Environmental, L.L.C. (Anchor) and Farallon Consulting, L.L.C. (Farallon) have 
prepared this letter on behalf of Earle M. Jorgensen Company (EMJ) and Jorgensen Forge 
Corporation (Jorgensen Forge) to request additional clarification on the U.S. Environmental 
Protection Agency (EPA) clarification letter dated August 8, 2008, and to request an extension 
for the Engineering Evaluation/Cost Analysis (EE/CA) being prepared under the First 
Amendment to the Administrative Order on Consent (AOC) (U.S. EPA Docket No. 
CERCLA 10-2003-0111). 

In accordance with the Schedule of Deliverables identified in the First Amendment to the 
Statement of Work appended to the AOC, on July 1,2008, Anchor and Farallon provided EPA 
with a technical briefing on the proposed removal action boundary (RAB) and alternatives to be 
presented in the EE/CA for cleanup of sediment and associated shoreline bank adjacent to the 
Jorgensen Forge Facility located at 8531 East Marginal Way South in Seattle, Washington (Site). 
During this briefing, Anchor and Farallon requested formal approval from EPA on the proposed 
RAB and clarification on the vertical point of compliance and target sediment cleanup levels. 
EPA provided their responses to these requests in a clarification letter regarding Target Sediment 
Remedial Boundary, Vertical Point of Compliance, and Target Sediment Cleanup Level, 
Administrative Order on Consent, Jorgensen Forge Facility, Tukwila, Washington, 
Comprehensive Environmental Response, Compensation and Liability Act, as amended, U.S. 
EPA Docket No. CERCLA 10-2003-0111 dated August 8, 2008. 

Following receipt of this letter, Anchor and Farallon met with you on September 5, 2008 to 
discuss the key elements and better understand the EP A intent behind these clarifications as they 
related to development of the EE/CA. Although this meeting was helpful, we have some 
additional important, unresolved questions that still require clarification. These questions are 
summarized below. It is our understanding that you will be leaving your position at EPA on 
September 17, 2008 and that a new EPA project manager will be assigned to this project. It is 
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very important that we receive the requested additional clarification letter identified in No. 1 
below prior to your departure so that we can continue to prepare the Draft EE/CA. 

1. 	 The sentence in the second to last paragraph of the August 8 letter reads "At a minimum, 
all contaminated media in exceedance of the SQS values must be removed regardless of 
the depth at which it is found." This sentence implies that removal of all sediments 
showing exceedances of the SQS criteria is required regardless of the remedial alternative 
chosen. During our September 5 meeting, you clarified that this statement did not 
prevent the implementation an engineered cap and/or placement of backfill material, and 
did not require the removal of sediments that exceeds the SQS criteria. As summarized 
during the July 1 technical briefing to EPA and as briefly discussed during the 
September 5 meeting, the proposed EE/CA alternatives include either capping or 
dredging, followed by capping and/or placement of backfill. This clarification is 
critically important to the EE/CA remedy development and future review of the Draft 
EE/CA by the public and distribution list of your August 8 letter. Therefore, we request 
that this statement be revised to the following: "At a minimum, for all remedies that do 
not include placement ofan engineered overlying caplbackjill material that are shown 
to meet the SQS values at the point of compliance immediately following cleanup 
activities, all contaminated media in exceedance of the SQS values must be removed 
regardless ofthe depth at which it isfound, where technically feasible". To ensure that 
all parties receive this clarification, we request that the letter be provided to the full 
distribution list of the August 8 letter. 

2. 	 The vertical point of compliance clarification identifies an 18-inch compliance zone. 
This requirement does not account for the placement of an engineered cap or placement 
of backfill that includes a surface layer of material demonstrated to minimize the 
potential for erosion as well as bioturbation from aquatic organisms. We request further 
discussion with EPA regarding the use of this deeper compliance zone, given the 
remedial alternatives that will be proposed in the Draft EE/CA. 

3. 	 The target media cleanup level clarification states that the "EE/CA must be revised to 
utilize target cleanup levels at the vertical point of compliance protective of aquatic 
organisms as well as people that consume fish and shellfish that are harvested from the 
Duwamish Waterway, consistent with the approach being used in the human health risk 
assessment for the Lower Duwamish Waterway CERCLA Site." However, during our 
meeting on September 5, you clarified that these levels will not be equivalent to the Risk 
Based Threshold Concentrations (RBTCs) calculated using the methodologies and 
assumptions identified in the Baseline Human Health Risk Assessment (Windward 2007) 
and summarized in the Draft Remedial Investigation Report (Windward 2007). Rather, 
you indicated that the cleanup levels will need to be calculated through the completion of 
a site-specific human health risk assessment using the methodologies and assumptions 
identified in your August 8 letter and the Tribal Risk Framework (EPA 2007). This 
site-specific determination of cleanup levels is not consistent with the determination of 
cleanup levels presented in the EE/CA for the Slip 4 and Terminal 117 Early Action 
Areas or the programmatic site-wide Lower Duwamish Waterway human health and 
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ecological risk assessments. We request additional discussion with EPA regarding 
determination of applicable cleanup levels consistent with the Lower Duwamish 
Waterway CERCLA process. 

Given that the additional clarifications identified above are required to complete the Draft 
EE/CA, we will need an extension to the current required submittal date of October 1, 2008. We 
will formally request a specific extension date following the additional requested discussions 
with EPA identified above. Please contact the undersigned to schedule these discussions and/or 
further discuss this clarification request. 

Sincerely, 

Farallon Consulting L.L.C. 	 Anchor Environmental, L.L.c. 

cc: 	 Mr. William Joyce, Salter Joyce Ziker, PLLC 
Mr. Gil Leon, Earle M. Jorgensen Company 
Mr. Ron Altier, Jorgensen Forge Corporation 
Mr. Josh Lipsky, Cascadia Law Group 
Mr. Ryan Barth, Anchor Environmental, L.L.C. 

AED/DT:bw 
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975 5th Avenue Northwest, Issaquah, Washington 98027 
Tel: (425) 295-0800 Fax: (425) 295-0850FARALLO 

consulting www·forallonconsulting.com 

October 27, 2008 

Ms. Christy Brown 
U.S. Environmental Protection Agency, Region 10 
1200 Sixth Avenue, Suite 900 
Seattle, Washington 98101-3140 

RE: RESPONSES TO EPA CLARIFICATION REQUEST RESPONSE EMAIL 
DATED SEPTEMBER 17, 2008 
JORGENSEN FORGE FACILITY 
SEATTLE, WASHINGTON 
FARALLON PN: 831-021 

Dear Ms. Brown: 

Prior to leaving his position at the U.S. Environmental Protection Agency (EPA) in 
September 2008, Shawn Blocker drafted a letter that set some major policy and technical 
decisions that would affect sediment cleanup design and implementation conducted throughout 
the Lower Duwamish Waterway Superfund Site. Anchor Environmental, L.L.C. (Anchor) and 
Farallon Consulting, L.L.C. have prepared this letter to summarize these decisions and present 
the Earle M. Jorgensen Company (EMJ) and Jorgensen Forge Corporation (Jorgensen Forge) 
(herein referred to as the Parties) proposed path forward for the development of the Engineering 
Evaluation/Cost Analysis (EE/CA) being prepared under the First Amendment to the 
Administrative Order on Consent U.S. EPA Docket No. CERCLA 10-2003-0111 (AOC). 

In response to Anchor and Farallon's requests during a technical briefing with the EPA, the 
Washington State Department of Ecology, and the U.S. Army Corps of Engineers on 
July 1, 2008, Shawn Blocker provided EMJ representatives with a clarification letter entitled 
"Target Sediment Remedial Boundary, Vertical Point of Compliance, and Target Sediment 
Cleanup Level, Administrative Order on Consent, Jorgensen Forge Facility, Tukwila, 
Washington, Comprehensive Environmental Response, Compensation and Liability Act, as 
amended, U.S. EPA Docket No. CERCLA 10-2003-0111" dated August 8, 2008. This EPA 
letter approved (upon slight modifications) the proposed removal action boundary in the Lower 
Duwamish Waterway adjacent to the Jorgensen Forge facility and provided some additional 
information regarding EPA's potential future policy-level modifications to the vertical point of 
compliance and target sediment cleanup levels. Following receipt of this letter and a subsequent 
meeting with Shawn Blocker, Anchor, and Farallon on September 5, 2008 to discuss these 
modifications, important unresolved questions remained. We requested further clarification of 
these potential modifications in the letter "Request for Additional Clarification on Target 
Sediment Cleanup Levels and Extension for the Draft EE/CA Submittal" dated September 11, 
2008 and received an electronic-mail response from Shawn Blocker dated September 17, 2008. 
Given the responses are significant on both a policy and technical level, and will dramatically 
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alter current and future sediment cleanup plans, we believe it is important to document the 
Parties' intended path forward for the EE/CA. 

A summary of each of the clarification responses provided in Shawn Blocker's September 11, 
2008 electronic-mail and the Parties' proposed path forward for the EE/CA are provided below. 

Item 1: 	 Our September 11, 2008 request for clarification letter proposed the following revised 
statement for the second to last paragraph of EPA's August 8, 2008 letter: "At a 
minimum, for all remedies that do not include placement of an engineered overlying 
cap/bac/ifill material that are shown to meet the SQS values at the point ofcompliance, 
all contaminated media in exceedance ofthe SQS values must be removed regardless of 
the depth at which it is found " EPA responded that this statement should be amended 
to replace "SQS values" with "risk-based human consumption of aquatic organism 
values." As described in our September 11, 2008 request for clarification letter, the 
determination of site-specific human health cleanup levels is inconsistent with the 
cleanup levels presented in the EE/CA for the Slip 4 and Terminal 117 Early Action 
Areas and the programmatic Site-wide Lower Duwamish Waterway human health and 
ecological risk assessments. Given this inconsistency, EPA's proposed replacement is 
inappropriate. 

Item 2: EP A clarified that "18 inches down from the 'top' of the sediments/cap remains the 
point of compliance." This requirement is inconsistent with the vertical point of 
compliance presented in the EE/CA Slip 4 and Terminal 117 Early Action Areas (i.e., 0 
to 10 centimeters biologically active zone [Chapter 173-204 WAC]). Further, the 
Sediment Profile Imaging characterization conducted by Germano & Associates on 
behalf of the Washington State Department of Ecology in July 2006 from River Mile 0 
to 3 (N = 30 samples within zones containing high, moderate, and low probability of 
exhibiting an altered or impaired benthic community and/or chemical concentrations) 
identified a maximum in-situ voids depth of 16.3 centimeters and mean depth of only 
10 em, providing site-specific evidence that the use of the 0 to 10 centimeter 
compliance zone is applicable. In addition, the I8-inch compliance zone does not 
account for the placement of an engineered cap or placement of backfill that includes a 
surface layer of material that is demonstrated to minimize the potential for erosion 
and/or bioturbation from aquatic organisms. 

Item 3: 	 EPA clarified that "you will still be required to use the tribal risk framework to derive 
risk-based human consumption ofaquatic organisms values. This is consistent with all 
LDW sites, which will be using this criteria as a starting point." As described in our 
September 11, 2008 request for clarification letter, the determination of site-specific 
human health cleanup levels is inconsistent with the cleanup levels presented in the 
EE/CA for the Slip 4 and Terminal 117 Early Action Areas and the programmatic site
wide Lower Duwamish Waterway human health and ecological risk assessments. In 
addition, background loading concentrations into the LDW have not been approved by 
the EPA, which is necessary to determine if the human health risk assessment numbers 
are achievable. In any case, the Parties are unclear how to conduct a location-specific 
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risk assessment using the tribal risk framework without considerably greater definition 
as to how these values will be applied and what risk and model assumptions will be 
used in doing so. 

Proposed Path Forward 

The Parties are willing to continue to move forward with the Draft EE/CA preparation and 
remedy selection prior to the Record of Decision (ROD) for the Lower Duwamish Waterway 
Superfund Site. However, considerably more discussion needs to occur regarding the 
appropriate pre-ROD target cleanup levels and vertical point of compliance before the Parties 
would be willing to define cleanup levels and the point of compliance other than the currently 
promulgated SMS SQS values from the 0 to 10 centimeters biologically active zone [Chapter 
173-204 WAC]. The Parties propose meeting with the EPA as soon as possible to discuss these 
issues and request the appropriate extension to the Draft EE/CA submittal date (currently 
November 26, 2008 per Shawn Blocker's email dated September 19, 2008) to allow the 
necessary discussions to occur. During this meeting, the Parties would also like to discuss the 
status of the validated results report for the joint EPA and U.S. Army Corps of Engineers triad 
sediment characterization conducted in 2004 in the Lower Duwamish Waterway adjacent to The 
Boeing Company Plant 2 and Jorgensen Forge facilities. The Parties have requested the 
validated results report a number of times from EPA and emphasized the importance of this 
validated data to development of the Draft EE/CA. Please contact the undersigned to schedule a 
meeting and/or further discuss the information discussed herein. 

Sincerely, 

Farallon Consulting, L.L.c. 	 Anchor Environmental, L.L.C. 

cc: 	 Gil Leon, Earle M. Jorgensen Company 
Ron Altier, Jorgensen Forge Corporation 
William Joyce, Salter Joyce Ziker 
Josh Lipsky, Cascadia Law Group 
Ryan Barth, Anchor Environmental, L.L.C. 

AED/bw 
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 

. REGION 10 


1200 Sixth Avenue, Suite 900 

Seattle, WA 98101-3140 


OFFICE OFAPR 3 0 Z010 	 AIR, WASTE AND 
TOXles 

Mr. Peter Jewitt 
Farallon Consulting, LLC 
975 5th Avenue Northwest 
Issaquah, Washington 98027 

Mr. Gil Leon 
Earle M. Jorgensen Company 
10650 South Alameda 
Lynwood, California 90262 

Re: 	 Comments on Draft Engineering Evaluation/Cost Analysis, Jorgensen Forge 
Facility, March 2009 
Comprehensive Environmental Response, Compensation, and Liability Act 
Administrative Order on Consent, U.S. EPA Docket No. CERCLA 10-2003-0111 

Dear Mr. J ewitt and Mr. Leon: 

The U.S. Environmental Protection Agency Region 10 (EPA) has completed its 
review of the Draft Engineering Evaluation/Cost Analysis, Jorgensen Forge Facility 
(Draft EE/CA) dated March 2009. The Draft EE/CA has been prepared for a removal 
action of contaminated sediments and associated bank soils within the removal action 
boundary in the Lower Duwamish Waterway Superfund site adjacent to a portion of the 
Jorgensen Forge Facility. 

EPA's comments regarding the Draft EE/CA are enclosed. In accordance with 
Section VIII of the Order, the Respondents must revise the EE/CA responsive to all of 
these comments. The Respondents must submit the revised EE/CA to EPA within sixty 
(60) calendar days of receipt of this letter. 

Should you have questions or comments, please contact me by phone at 206-553
8506 or by email at brown.christy@epa.gov. 

Sincerely, 

~'Iy f51~ 
Christy Brown 
Project Coordinator 
Office of Air, Waste and Toxics 

mailto:brown.christy@epa.gov


Enclosure 

Cc w/enc: Glen St. Amant, Muckleshoot Tribe 
Allison O'Sullivan, Suquamish Tribe 
Marla Steinhoff, NOAA 
John Keeling, Ecology - NWRO 
Brad Helland, Ecology - NWRO 
Thea Levkovitz, DRCC 
Amy Essig Desai, Farallon Consulting 
David Templeton, Anchor Environmental 
Ryan Barth, Anchor Environmental 
John S. Wakeman, USACE 
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General Comments 

1. 	 The Jorgensen Forge sediment cleanup is an Early Action Area (EAA) of the 
Lower Duwamish Waterway (LDW) Superfund Site in close proximity to the 
adjoining Boeing Plant 2 EAA and the Terminal-I 17 (T-II7) EAA located 
directly across the LDW. As EPA has emphasized from the beginning ofthis 
project, sediment remedies for these EAAs must be carefully coordinated. 
The Draft Engineering Evaluation/Cost Analysis, Jorgensen Forge Facility 
(EE/CA) refers to the Memorandum ofUnderstanding, Coordination at the 
Lower Duwamish Waterway Transition Zone Boundary (MOU), executed by 
Earle M. Jorgensen Company (EMJ) and Jorgensen Forge Corporation 
(Jorgensen) with The Boeing Company (Boeing) in August, 2007, for 
implementation of this non-time critical-removal action (NTCRA). This 
MOU requires close coordination and cooperation between EMJ/Jorgensen 
and Boeing for all phases of their abutting sediment cleanup actions. 

It is not evident from the draft EE/CA, however, that coordination has been or 
is occurring, as the alternatives chosen for evaluation are very different than . 
those being evaluated for Boeing Plant 2. The EE/CA must demonstrate that 
these efforts are being coordinated. This coordination should be evident in the 
discussion of the conceptual site model(s), choices of alternatives for 
evaluation, commonalities among cost estimates, etc. Where different 
alternatives are being evaluated for site-specific reasons, the rationale with 
supporting documentation must be clearly presented. This EE/CA will be 
subject to public comment, and reviewed by many interested parties in 
addition to the U.S. Environmental Protection Agency, Region 10 (EPA). It is 
critical that it be clear how the pieces, particularly coordination between the 
Jorgensen and Boeing Plant 2 proj ects, will fit together. 

Please recall that treating the Jorgensen and Boeing EAAs as separate projects 
subject to a coordination and cooperation MOU was EMJ/Jorgensen and 
Boeing's much favored alternative to EPA's strong preference to treat the 
adjoining contaminated sediments of these two facilities as a single, jointly
implemented project. EPA expects and will demand that EMJ/Jorgensen and 
Boeing live up to both the letter and spirit of the MOU. 

2. 	 EPA agrees that the Washington State Sediment Quality Standard (SQS) for 
PCBs [12 parts per million organic carbon normalized (12 ppm OC)] is an 
appropriate delineating criterion and an appropriate Removal Action Level 
(RvAL) for sediment removal and/or capping for this EAA. The EE/CA must 
be revised to state that all PCBs which exceed the SQS/Rv AL will be 
removed or permanently capped. Use of the term RvAL will conform this 
EE/CA to the ongoing T -117 EE/CA and the ongoing LDW Site feasibility 
study (FS). The Boeing Plant 2 sediment cleanup will be a RCRA Interim 
Measure under a RCRA Order pre-dating the LDW Site, and will necessarily 
use RCRA rather than CERCLA terminology which will be substantively 
equivalent. 
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3. 	 The draft EE/CA states in a number of places that this removal action will be 
protective of aquatic organisms as well as the people who consume fish and 
shellfish harvested from the LDW. This statement is inconsistent with 
establishment of the RvALs at the SQS level and could be confusing to 
reviewers. Include the following information regarding the long-term cleanup 
goals for the LDW in the EE/CA in order to clarify this apparent 
inconsistency: 

Protection ofhigher seafood consuming human populations, specifically tribes 
but also Asian-Pacific Islanders, will require sediment risk based 
concentrations (RBCs) that will be more stringent than background. Current 
MTCA regulations require final cleanups to achieve natural background 
levels, and interim cleanups (including CERCLA removal actions) to at least 
achieve anthropogenic background levels, all of which are substantially more 
stringent than the RvALs which are based on SQS numerical criteria 
developed for the protection of benthic organisms. The SQS/RvALs are 
unrelated to protective human seafood consumption levels. Based on current 
technology, final LDW sediment constituent of concern (COC) concentrations 
will be limited by the extent of lateral loading upon completion of all source 
control efforts, and loading from the upstream Green-Duwamish River 
system. The likelihood is that 1) LDW sediment will reach equilibrium based 
on this lateral and upstream loading at levels which will exceed both natural 
and any reasonable calculated anthropogenic background levels, and 2) some 
combination of active sediment remediation and monitored naturalrecovery 
based on LDW sediment transport modeling will be employed to address 
LDW sediment and water quality. Any ARARs, including the current MTCA 
rules referenced in this paragraph and Aquatic Water Quality Criteria 
(A WQC) based on risks to human seafood consumers, which prove 
impracticable to meet could be formally waived pursuant to Section 121 (d)( 4) 
of CERCLA. Further, fish advisories, as robust and protective as we can 
design them, could be relied upon for any delta between protective RBCs for 
the seafood consumption pathway and the equilibrium levels we are able to 
achieve to complete remedial action, subject to CERCLA-mandated five-year 
reviews for hazardous substances left on-site above protective levels (RBCs). 

4. 	 It is not apparent from the summary of environmental data that adequate 
characterization has been completed. The figures show several areas where 
PCB concentrations greater than the SQS are unbounded horizontally or at 
depth relative to the EAA's western boundary. The EE/CA must be revised to 
include a clear discussion of the horizontal and vertical extent of 
contamination, and must present a compelling argument that sufficient 
information is available to evaluate appropriate remedial alternatives. 

5. 	 The draft EE/CA must be revised to include all property within the Cleanup 
Boundary established by the MOU and agreed to by EMJ and Jorgensen 
(shown on Figure 1 of the MOU). The MOU states: 

"For the purposes of this MOU, the shoreline bank is defined as the 
material residing above the toe ofthe slope. The Parties shall each 
properly handle, dispose, and replace any shoreline bank materials at the 
sediment-bank interface incidentally affected by their respective 
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sediment remedies. The parties shall coordinate detailed features and 
requirements (e.g. slope stability and dredge depths) at the sediment and 
shoreline bank interfaces)." 

EPA does not interpret this language to mean that cleanup of Jorgensen's 
shoreline bank is automatically Boeing's responsibility because it is located 
landward of sediments which must be remediated by Boeing. The EE/CA 
must be revised to include all of Jorgensen's shoreline bank. 
EMJ/Jorgensen's cleanup proposals for the northern section of the shoreline 
bank must be coordinated with Boeing, but remediation of this section of 
contaminated shoreline is required on its own merits and must be given 
precedence over the secondary issues of coordination. 

6. 	 The draft EE/CA includes very little substantive justification for decisions to 
include or exclude potential removal alternatives. The EE/CA must be revised 
to present much more detailed information justifying why potentially viable 
alternatives were included or excluded. For example, there is no substantive 
justification for not dredging contaminated sediments along the sheetpile wall. 
If there are stability issues, state them and their effect on the alternatives. 
What limitations do they pose on the location and depth to which dredging 

. can occur? 

7. 	 The EE/CA must be revised to look more broadly at removal alternatives. 
The goal of this document is to provide a credible evaluation of several 
different viable alternatives and their associated costs which will allow 
reasoned selection of the best one in light ofCERCLA's response action 
selection criteria. Given the magnitude and extent of contamination in this 
EAA, it is unlikely that EPA will select a remedy that does not involve 
extensive dredging. In its current form, the draft EE/CA only includes two 
highly-similar options, neither of which proposes to remove all contamination. 
The revised EE/CA should include at least the following four alternatives: no 
action, draft Alternative #2 [mixed dredging and/or cap/backfill and enhanced 
natural recovery (ENR)], fixed-depth dredging, and variable-depth dredging. 
Dredging alternatives should propose removing as much contaminated 
sediment as can practicably be removed. Ultimately, as stated in previous 
correspondence, EMJ/Jorgensen must remove all sediments contaminated 
with PCBs above 12 ppm OC or propose controls that ensure that 
contaminants left at depth do not migrate. Further, EMJ/Jorgensen must 
remove all contaminated sediments to a minimum depth of45 centimeters 
(cm) to meet the SQS/RvAL. As at the T-117 and Boeing Plant 2 EAAs, the 
goal is to achieve the SQS/RvAL upon completion ofthe NTCRA. 

8. 	 Use of the terms "habitat", "monitored natural attenuation" (MNA), 
"monitored natural recovery" (MNR), and "enhanced natural recovery" in the 
draft EE/CA are imprecise and confusing. In some cases it appears that the 
draft EE/CA is proposing to use MNA and/or habitat layers in areas where a 
cap would be required, such as by addition of gravel on top of contamination 
which exceeds the SQS without any dredging. It is also not clear what species 
the habitat is intended for, as the draft EE/CA proposes to use the same 
material throughout the Jorgensen EAA regardless oflocation (upland slopes 
as well as in-water). The EE/CA must be revised to clearly identify and 
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justify each of the proposed remedies as well as all associated long-term 
maintenance and monitoring. 

9. 	 The draft EE/CA briefly discusses sediment transport work performed as part 
of the LDW Remedial Investigation. This work has concluded that the 
Jorgensen EAA includes areas of potential scour and sediment erosion. These 
conclusions must be considered and evaluated in the alternatives analysis and 
preliminary design work in the revised EE/CA. 

10. 	 The EE/CA must be revised to include an assessment ofthe residual risk 
anticipated after Removal Action implementation, as required by the First 
Amendment to the Administrative Order on Consent. The Streamlined Risk 
Evaluation included in the draft EE/CA addresses only potential risk from 
exposure to contaminated sediments within the Removal Action Boundary in 
the absence ofa removal action. 

11. 	 The EE/CA must be revised to assess the costs associated with each 
alternative over a period of 30 years. The cost analysis must be sufficiently 
transparent to allow reviewers to readily compare costs between alternatives 
and between neighboring projects. 

12. 	 The data presentation in the draft EE/CA is difficult to follow. Revise the 
Figures so that comparable figures are drawn to the same scale (e.g., Figu~es 
5-1, 2-8 and 2-9). Add the sediment management area (SMA) boundaries to 
all figures presenting data, and present cross sections for each SMA. 

13. 	 It is EPA policy to enhance the environmental benefits of federal cleanup 
programs by promoting technologies and practices that are sustainable. 
Expectations for green cleanup and the policy itself are posted at: 
http://yosemite.epa. gov/R 1 O/extaff.nsf/programsl greencleanups. 
The remedial alternatives should be revised to incorporate green remediation 
technologies. EPA intends to measure cost differentials and environmental 
benefits associated with implementing this policy. The EE/CA should also be 
revised to include green remediation factors for each alternative, including 
such factors as reporting and tracking specific quantities of materials reduced, 
reused, or recycled; carbon or greenhouse gas reductions; and water conserved 
or replenished. Use of these and other green remediation technologies are the 
"point of departure" for cleanups, and will be standard unless a site-specific 
evaluation demonstrates impracticability or favors an alternative green 
approach. This policy does not fundamentally change how and why cleanup 
decisions are made, but calls for more sustainable methods of implementing 
cleanups. A comprehensive set of greener approaches to site cleanup may be 
found at www.clu-in.orglgreenremediation and www.epa.gov/region09/ 
cleanup-clean-air. Please note that this policy is not intended to trade off 
environmental protectiveness for other benefits such as fewer carbon 
emissions. The EE/CA should include an analysis of how efficiently each 
alternative can be implemented or how "green" it can be. 

www.epa.gov/region09
www.clu-in.orglgreenremediation
http://yosemite.epa
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Specific Comments 

1. 	 Executive Summary, page 1, second paragraph. As written, the second 
sentence could be construed to exclude the possibility of removal of all 
contaminated sediments in a "removal action." Remove this sentence entirely 
or revise it as follows: "As defined in CERCLA, the term "removal action" 
denotes cleanup or removal (USEP A 1993) and may include technologies 
such as capping ...." 

2. 	 Executive Summary, page 1, second paragraph. The fourth sentence of this 
paragraph states that the removal action alternative will be selected by EMJ 
and Jorgensen Forge, in consultation with EPA and the Washington State 
Department of Ecology(Ecology). Revise this sentence as follows: 
"Following public review and comment of this EE/CA, USEP A will select the 
removal action alternative for cleanup ofthe sediments and associated 
shoreline bank soils within the RAB in an Action Memorandum in accordance 
with CERCLA." 

3. 	 Executive Summary, page 2, first full paragraph. The second sentence 
contains an error, as "target cleanup media levels" are not "promulgated" 
rulemakings and this term is not used in the CERCLA process. Revise the 
EE/CA to state that this removal will be based on meeting RvALs at the 
completion ofthe work. See General Comment 7 above, and Specific 
Comment 4, below. 

4. 	 Executive Summary, page 2, first full paragraph. Add a new last sentence to 
this paragraph as follows: "At a minimum, all sediments and soils which 
contain PCBs exceeding the Washington State Sediment Quality Standard 
(SQS) will be removed or capped." 

5. 	 Executive Summary, page 2, second paragraph. The last bullet item indicates 
that implementation of the selected removal action is dependent on execution 
of a legal agreement that is acceptable to all parties. Since EPA may issue a 
unilateral order if agreement among the parties cannot be reached, revise this 
bullet item as follows: "Issuance of an Administrative Order, preferably on 
Consent, for implementation of the non-time critical removal action selected 
in the Action Memorandum." 

6. 	 Executive Summary, Removal Action Boundary Description, page 3. This 
section defines the Removal Action Boundary (RAB) as a geographically
defined boundary (top of bank to navigation channel). Page 10 of the draft 
EE/CA, however, states that the RAB is defined by the area where sediment 
chemical concentrations exceed the SQS. Revise the EE/CA to consistently 
define the RAB as set forth in the MOU. 

7. 	 Executive Summary, Removal Action Boundary Description, page 3. Delete 
the last sentence of the first paragraph of this section, which states "There are 
no existing aquatic land uses within the RAB and access is limited from the 
water side." This statement is not relevant to defining the removal action 
boundary. 
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8. 	 Executive Summary, Identification ofRemoval Action Goals, Objective, and 
Scope, page 4. The following Removal Action Objectives (RAOs) currently 
required by EPA for the Lower Duwamish Waterway Superfund site shall also 
be used for this removal project. Revise this section to include the following 
RAOs: 

RAO 1 - Human Health - seafood consumption. Reduce human health 
risks associated with the consumption of resident LDW seafood by reducing 
sediment and surface water concentrations of COCs to protective levels. 

RAO 2 - Human Health - direct contact. Reduce human health risks 
associated with exposure to COCs through direct contact with sediments and 
incidental sediment ingestion by reducing sediment concentrations of COCs to 
protective levels. 

RAO 3 - Ecological Health - benthic. Reduce risks [could use toxicity 
instead of risks] to benthic invertebrates by reducing sediment concentrations 
ofCOCs to comply with the Washington State SMS. 

RAO 4 - Ecological Health - seafood consumption. Reduce risks to crabs, 
fish, birds, and mammals from exposure to COCs by reducing concentrations 
of COCs in sediment and ~urface water to protective levels. 

9. 	 Executive Summary, Identification ofRemoval Action Technologies and 
Alternatives, page 5. Alternative 1 includes proposed placement of in-water 
substrate to enhance natural recovery oflow-level surface sediment 
contaminants. This removal action must succeed in reducing contaminant 
concentrations in the upper 45 cm of sediments to levels protective of aquatic 
species and consumers of fish and shellfish. The EE/CA must evaluate how 
and when each remedial alternative will achieve the final cleanup levels, not 
just the SQS/R v ALs. See General Comments 3 and 7. 

10. 	 Executive Summary, Identification ofRemoval Action Technologies and 
Alternatives, page 5. The last two sentences ofthe second full paragraph 
indicate that "Complete Removal" was not evaluated in this EE/CA as it "was 
not considered technically feasible." Complete removal has not been shown 
to be infeasible; in fact, as PCB contamination in the Jorgensen RAB is 
relatively shallow, it is more feasible here than in most areas of the LDW. 
The EE/CA must be revised to evaluate the Complete Removal alternative, or 
provide a substantive justification for its exclusion. 

11. 	 Executive Summary, Identification ofRemoval Action Technologies and 
Alternatives, page 5. The last paragraph of this section indicates that the "No 
Action" alternative was not considered because it would not satisfy the RAO. 
EP A agrees, although it would be better to state that it would not meet the 
RvALs. This alternative must be carried through the evaluation in order to 
provide a transparent basis for comparisons. 
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12. 	 Analysis and Recommended Removal Action Alternative, page 5. As noted in 
General Comment 13, the alternatives should also be evaluated and compared 
based on green remediation factors. 

13. 	 Introduction, page 8. See Specific Comment 5 to address language in the last 
bullet indicating that implementation of the selected removal action is 
dependent on execution of a legal agreement that is acceptable to all parties. 

14. 	 Introduction, page 9, second paragraph. See Specific Comment 1 to address 
language in this paragraph that could be construed to exclude the possibility of 
removal of all contaminated sediments in a removal action. 

15. 	 Section 2.1, RAB Description, page 12, last paragraph. The last sentence on 
this page states that there are no aquatic land uses along the RAB shoreline. 
Delete this sentence and revise this section to include the following 
statements: The Muckleshoot Indian Tribe and Suquamish Tribe are both 
federally-recognized Tribes that are Natural Resource Trustees in the 
Duwamish River. As Natural Resource Trustees, their resources are impacted 
by degradation within the Lower Duwamish Waterway study area. The 
Muckleshoot Indian Tribe currently conducts seasonal netfishing operations in 
the LDW. The Suquamish Tribe actively manages resources up to the 
Spokane Street Bridge. Tribal fishers may be exposed to contamination in the 
sediment. The LDW is also used as a recreational resource for boating and 
fishing. Recreational activities on the LDW are increasing in no small part 
due to the attention associated with the cleanup efforts underway and planned. 
With the change in some shoreline and adjacent areas, the recreational uses 
can be anticipated to increase further. 

16. 	 Section 2.2, Facility History and Development, page 14. Revise the first 
complete sentence on this page as follows: "No information was gathered 
regarding the source offill." This sentence is being modified to delete 
speculation regarding the source of fill materials. 

17. 	 Section 2.3.4, Navigation, page 17. See Specific Comment 15 to address 
language in the last sentence on this page stating that there are no aquatic land 
uses within the Jorgensen EAA or the upstream Boeing-Isaacson property. 

18. 	 Section 2.4.9, Sediment Transport and Deposition, page 26. The discussion of 
the hydrodynamic model (that there was greater potential erosion near the 
navigation channel and less near the shoreline) is at some variance with 
Figures 5-4 and F-25 of the LDW Draft FS. As shown in Figure 5-4, the area 
is mixed erosive and depositional, but in the opposite pattern. The square on 
the figure is the radioisotope core displayed in Figure F-25. This section of 
the EE/CA must be revised to reconcile this inconsistency, and to evaluate 
whether the erosive area overlays the proposed cap and/or proposed habitat 
layer. 

19. 	 Section 2.4.9, Sediment Transport and Deposition, page 26. The last 
paragraph of this section states that the approximate upper bound estimates of 
average bed scour along the eastern bench adjacent to the RAB is 0.7 cm with 
an average range in bed scours ofless than 1 to 2.9 cm. Clarify whether this 
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average range is over the entire LDW, and the length oftime over which this 
amount of scour is anticipated to occur. 

20. 	 Section 2.4.1 0, Summary ofDredging Activities, page 27. Delete the two 
sentences in the middle of the first paragraph regarding filling of the 
embayment in the central portion of the facility shoreline, beginning: "The 
USACE records show the embayment was filled between July 1945 and 
August 1946. No direct evidence was found regarding the fill design or 
source material .... " These sentences are not relevant to the summary of 
historical dredging activities offshore of the facility. 

21. 	 Section 2.4.11.2, Biota, page 29. The last two sentences of the second 
paragraph are contradictory and confusing. These sentences indicate that 
benthic meiofauna would be expected in "the finer sand/mud substrates in the 
intertidal zone" within the RAB, and then goes on to state that much of the 
shallow water area adjacent to the RAB contains mostly riprap rock armoring. 
The last paragraph on page 30, however, states that shallow, sloping, relative 
soft mud beaches are present along the southern portion of the RAB. 
Reconcile whether the RAB includes areas of shallow water mudflats, and 
provide a figure which clearly indicates the different habitat types present 
within the RAB. 

22. 	 Section 2.4.11.4, Salmonids, page 30. The latter part of the third paragraph 
indicates that the in-water construction work window in the LDW extends 
from October 1 to February 15. The work windows are considerably more 
complex than stated in the draft EE/CA. Although it is understood that this 
action does not require a USACE permit under either Section 404(b)(1) of the 
Clean Water Act or the Rivers and Harbors Act 10, the work window 
conditions must be evaluated and all substantive conditions must be strictly 
followed. The discussion of in-water work windows must be substantially 
expanded in the draft EE/CA, and the ability to complete this action in a 
single work season must be evaluated. See http://www.nws.usace.army.mil/ 
PublicMenulMenu.cfm?sitename=REG&pagename=work windows for full 
work window information from USACE. 

23. 	 Section 2.4.11.4, Salmonids, page 31. Delete the fifth and sixth sentences of 
the first full paragraph, beginning "Limited data are available concerning the 
abundance of coastal cutthroat ...", and replace with a new sentence as 
follows: "Coastal cutthroat are consistently found in the DuwamishiGreen 
River basin but are not as abundant as Chinook, coho, chum, and steelhea9." 
Include a citation to the May 2004 report from King County, Juvenile 
Chinook Migration, Growth and Habitat Use in the Lower Green River, 
Duwamish River and Nearshore ofElliott Bay 2001-2003. 

Also delete the last sentence ofthis paragraph, beginning "Information and 
data on bull trout presence, abundance, and distribution ... is lacking ...", and 
replace with a new sentence as follows: "The Duwamish/Green Watershed is 
listed as critical habitat under the Endangered Species Act for bull trout." 

24. Section 2.5.1, Sediment Quality, page 34. The third sentence of the first full 
paragraph contains an error, as the "2LAET" value is not two times the lowest 

http:http://www.nws.usace.army.mil
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apparent effects threshold. Revise the third sentence of the first full paragraph 
as follows: " ... and compared to the dry-weight lowest apparent effects 
threshold (LAET) and the second lowest apparent effects threshold (2LAET) 
values .... " 

25. 	 Section 2.5.1, Sediment Quality, page 34. The last sentence in the last 
paragraph on the page indicates that two subsurface depth intervals from a 
single station had detected SQS exceedences for arsenic (this is also stated at 
the top ofpage 37). However this is not consistent with information provided 
in Table 2-3. Reconcile the table/text for consistency and accuracy. 

26. 	 Section 2.5.1.2, Total Polychlorinated Biphenyls, page 35 and 36, and Figure 
2-9. Revise the first sentence of the first paragraph to read, "A total of 86 
subsurface sediment samples from 37 core locations were collected and 
sampled .... " Revise the third sentence of the first paragraph to read, "Of the 
17 stations located just east of the federal navigation channel, approximately 9 
have total PCB concentrations below or just above the SQS criterion." Revise 
the second to last sentence in this section to read, "Stations further 
downstream within the RAB showed heterogeneous PCB concentrations at 
depth with unbounded SQS and CSL exceedances documented down to 4 feet 
below the current mudline." 

27. 	 Section 2.5.1.2, Total Polychlorinated Biphenyls, page 35 and 36, and Figure 
2-9. The last sentence of this section' states that, for purposes of this EE/CA, 
the most recent sampling stations were considered more representative of 
existing sediment quality conditions during evaluation of the remedial 
alternatives. These data need to be presented more clearly, as it is not obvious 
which sample location(s) are being preferentially considered and which are 
considered "less representative" of current conditions. Note that the general 
protocol for LDW sampling is that if a sampling station is located within 10 
feet of the previous sample, it can be considered "co-located." Data obtained 
from sampling locations which are greater than 10 feet apart must be retained 
and considered separately. 

28. 	 Section 2.5.1.4, Other Chemical Compounds, page 37, Figure 2-13, and Table 
2-5. This section indicates that the "majority" of the 14 surface sediment 
stations sampled for semivolatile organic compounds (SVOCs) were below 
the SQS criteria. Figure 2-13 is confusing, as it depicts 18 (rather than 14) 
sample locations within the RAB. Reconcile this discrepancy. 

This section also states that SVOC data is shown on Table 2-5, and discusses 
a number of analytes detected above the SQS criteria. The following 
constituents are discussed but not included in Table 2-5: benzo(a)anthracene, 
bis(2-ethylhexyl)phthalate, chrysene, fluoranthene, phenanthrene, total 
benzofluoranthenes, total LP AHs, and total HP AHs. Revise Table 2-5 to 
include all SVOC analysis. 

Finally, revise this section to discuss sub-surface samples analyzed for 
SVOCs, or state that sub-surface samples were not analyzed for other 
constituents if this is the case. 
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29. 	 Section 2.5.2, Shoreline Debris Pile, page 37. The total PCB concentrations 
given in the fourth sentence of this section are different than those provided in 
Table 2-4 (0.234 ppm dry weight for the north debris pile and 0.206 ppm dry 
weight for the south debris pile). The discrepancy appears to be the result of 
an error in converting the units between the table (ug/kg dry) and the text 
(mg/kg dry). Correct this discrepancy and revise the subsequent text in this 
paragraph to reflect these revisions. 

30. 	 Section 2.5.3, Shoreline Bank-Face Fill, page 38. The total PCB 
concentrations given for the fill samples are not consistent with those 
provided in Table 2-4. Again, the discrepancy appears to be the result of an 
error in converting the units between the table (ug/kg dry) and the text (mg/kg 
dry). Revise the text (and particularly the discussion of the data relative to the 
LAET and 2LAET) to resolve this discrepancy. 

31. 	 Section 2.5.4, Sediment Seep Water, page 39, and Table 2-6. The first full 
paragraph on this page indicates that the analytical results from sampling 
station LDW-SP-20 are summarized with the upland groundwater results on 
Table 2-6. Table 2-6 does not include these analytical results. Revise Table 
2-6 to include all analytical results from seep monitoring. 

32. 	 Section 2.5.4, Sediment Seep Water, page 39. The last sentence ofthis section 
states that the lack of screening level exceedances indicates that groundwater 
flux was not a source of contamination to sediments and/or pore water. The 
text of this section, however, does not discuss analytical results for PCBs. 
This conclusion must be revised to include a discussion of PCB data, or 
revised to clearly state that the data indicates groundwater flux was not a 
source of the constituents for which analysis was performed. 

33. 	 Section 2.5.5, Sediment Porewater, page 39. Revise the draft EE/CA to 
include a table and figure presenting the data obtained from the porewater 
sampling. 

34. 	 Section 2.5.6.1, Soil, page 40. The second paragraph indicates that 
investigations have only detected PCBs in soil on the western portion of the 
facility. Examination of Table 2-7 and Figure 5 show that this statement is 
incorrect. PCBs have been detected at depth in borings SB-2 and SB-4 
located on the eastern side of the facility. Revise the EE/CA to fully and 
correctly identify the location, extent, and possible sources of PCB 
contaminati on. 

35. 	 Section 2.5.6.1, Soil, page 40. The second paragraph of this section states that 
the fill material placed at the facility between 1945 and 1946 is the suspected 
source of PCBs, and that the source offill "may have been" historical 
hydraulic dredging conducted in the LDW. This statement is unsupported and 
must be deleted. 

36. 	 Section 2.5.6.2, Catch Basin Solids, page 40, and Figure 2-5. Add CB-4 to 
Figure 2.5. Revise the.discussion to note that CB-3 is located outside of the 
historic embayment area. The source of PCBs in CB-3 may be relevant to the 
source control discussion. 
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37. 	 Section 2.5.6.3, Groundwater Quality, page 41. Delete the statement 
indicating that the June 2003 detection ofPCBs in groundwater is "likely a 
false detection." This is a very limited data set, groundwater samples for 
monitoring well MW-6 have not been obtained and analyzed since the 
sampling event where PCBs were detected, and PCBs are not typically 

. detected where they are not present. 

38. 	 Section 2.5.6.4, Facility Storm water Outfall Discharges,page 41, and Table 
2-8. Revise Table 2-8 to include all stormwater outfall samples collected, not 
just those from the May 2005 sampling event. Revise the last sentence of the 
discussion to clarify whether PCBs have ever been detected in the stormwater 
outfalls, and discuss the results if PCBs have been detected in monitoring 
events other than the May 2005 sampling event. 

39. 	 Section 2.6.2, Potential Ongoing Sources to Sediments Adjacent to the RAB, 
pages 46 through 49. This section should be significantly shortened. The 
EE/CA should note the existence of potential ongoing sources to sediments, 
but the level of detail provided ?hould be based on the sources' impact on the 
evaluation ofpotential remedies. In this case, as construction of the sediment 
remedy is not anticipated to begin before control of the upland sources is 
achieved, these sections are not relevant to the EE/CA. The EE/CA must be 
revised to delete the last sentence of the first paragraph on page 48 (beginning 
"The identified distribution ofPCB concentrations within the 12-inch line 
provides evidence that ... ). The source of PCBs found in the 12- and 24-inch 
property line outfalls has not been proven and is not relevant to this EE/CA. 

40. 	 Section 2.6.3, Criteria for Evaluating Effectiveness ofImplemented Source 
Control, page 50. Delete this section. Criteria for evaluating effectiveness of 
source control are not relevant to the EE/CA's evaluation of potential 
remedies. 

41. 	 Section 2.7, Streamlined Risk Evaluation, page 51. See Specific Comment 3 
to address language in the second sentence on this page stating that the LDW 
risk assessment and FS process is expected to include promulgation of target 
cleanup media levels. 

42. 	 Section 2.7, Streamlined Risk Evaluation, pages 51, 53, and References. The 
citation to USEP A 1997 is incorrect. This is a Department of Energy citation 
(http://homer.oml.gov/nuclearsafetylenv/guidance/cercla/critic.pdf). There 
may be a missing reference for ecological risk. More recent and relevant EPA 
guidance includes USEPA's (2005) Contaminated Sediment Remediation 
Guidance for Hazardous Waste Sites, which includes guidance about 
balancing risks that can assist with subsequent decisions regarding technology 
choices (http://www.epa.gOV/SUperfund.health/conmediaisediment/ 
guidance.htm). 

43. 	 Section 2.7.2.2, Human Health Risk, page 58. The second-to-Iast sentence of 
the first paragraph on this page contains a typographical error: "As discussed 
in the baseline HHRA .. , arsenic the direct contact RBTC " ... " Correct this 
sentence. 

http://www.epa.gov/superfund.healthlconmedialsediment
http://homer.oml.gov/nuclearsafety/env/guidance/cercla/critic.pdf
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44. 	 Section 3.1, Removal Action Goals, page 59. Incorporate new language found 
in Specific Comment 8 regarding RAOs for the Lower Duwamish Waterway 
Superfund site which shall also be used for this removal project. 

45. 	 Section 3.1, Removal Action Goals, page 59. While EPA has not selected a 
final PCB sediment cleanup level for the LDW Site, the SQS is the R vAL 
sediment removal/capping criteria consistent with the other LDW EAAs. 
See General Comment 2 above and revise the draft EE/CA accordingly. 

46. 	 Section 3.2.2, Removal Action Boundary, page 61. Revise the first paragraph 
to include a note that arsenic in sample AJF-07 was not bounded with depth, 
and was 4.5 times higher than the SQS at the deepest sample location. 

47. 	 Section 3.2.2, Removal Action Boundary, page 61. The fourth bullet in the 
second paragraph on this page must be deleted, as it implies that the U.S. 
Army Corps of Engineers (USACE) maintenance ofthe navigation channel to 
the west of Jorgensen somehow has bearing on the determination of the RAB. 
While USACE's dredging activities will influence the depth and design of 
dredging/capping at Jorgensen, they will not influence the location of the 
RAB. 

48. 	 Section 3.2.2, Removal Action Boundary, page 61. The last paragraph 
includes a discussion of the sediment management units (SMUs) which is not 
entirely accurate. This paragraph indicates that SMU -1, among others, was 
identified based on low SQS PCB exceedances in the top several feet. SMU
1, however, includes two samples which exceed two times the Washington 
State Cleanup Screening Level for PCBs (2xCSL) (see Figures 2-8 and 2-9). 
These samples also contained SVOCs which exceed the SQS. This discussion 
must be revised to clearly state the nature and extent of all contaminants 
(PCBs, metals, and SVOCs) identified in each SMU. 

49. 	 Section 3.2.2, Removal Action Boundary, page 62. The end of the first line 
contains this document's first use ofthe abbreviation "ENR." Also note that 
later in the document, the abbreviation "MNR" is used. Revise both the text 
and the definition section of the EE/CA to provide clear definitions of what is 
meant by enhanced natural recovery and monitored natural recovery. 

50. 	 Section 3.2.3.2, Specific Removal Action Area Elements, page 64. The last 
bullet on this page states that "any potential dredging of sediments adjacent to 
[the sheetpile and concrete panel walls] may impact the structural stability and 
would therefore require a structural evaluation. The proposed cleanup 
alternatives do not include dredging adjacent to these structures and therefore 
will not adversely impact the structural stability." The alternatives evaluation 
in the revised EE/CA must include dredging in these areas. Any proposal 
which is predicated on avoiding these fixed structures must be supported by a 
detailed engineering evaluation of these areas. 

51. 	 Section 3.3, Determination ofRemoval Action Schedule, page 66. The third 
bullet indicates that the in-water construction work window in the LDW 
extends from October 1 to February 15. The work windows are considerably 
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more complex than stated in the draft EE/CA. This bullet must be revised in 
accordance with Specific Comment 22 above. 

52. 	 Section 3.3, Determination ofRemoval Action Schedule, page 66. See ' 
Specific Comment 5 to address language in the last bullet which indicates that 
implement.ation of the selected removal action is dependent on execution of a 
legal agreement that is acceptable to all parties. 

53. 	 Section 3.4, Applicable or Relevant or Appropriate Requirements, page 66, 
and Table 6-1. Replace Table 6-1 with the attached Table of applicable or 
relevant and appropriate requirements (ARARs) for the LDW Site, and revise 
this section consistent with this Table negotiated by the Lower Duwamish 
Waterway Group (LDWG) with EPA and Ecology. Note the last page of the 
Table contains laws that will be implicated by the NTCRA but are not 
ARARs. Whether federal and state laws are ARARs or not, they must be 
complied with. ARAR status gives EPA the authority to decide iflaws are 
met by response activities instead of the regulator agency who normally 
administers the ARAR. For example, the Endangered Species Act (ESA) is 
not an ARAR (it is an animal welfare law for listed species). The purpose of 
Section 7 ofESA is to ensure that action agencies (like EPA) consult with and 
gain the expertise of species listing agency( s) (the National Marine Fisheries 
Service and the Fish and Wildlife Service). Another ESA function drawing 
on species-listing-agency expertise is the production of Biological Opinions 

. (BOs) with respect to response activities. IfESA were' an ARAR, EPA would 
not need to consult and would write its own BOs, which would fundamentally 
defeat the purpose ofESA (the benefit of species-listing-agency expertise). 
The National Historic Preservation Act (NHPA) and other laws on this portion 
of the Table are not ARARs for similar reasons; they are nbt environmental 
laws except in a broad sense of the term "environmental." Note also that 
Clean Water Act Sections 401 and 404(b)(1) were not listed in your table, but 
Section 6.1.3.2 calls them out as substantive requirements. In addition, Clean 
Air Act provisions may be ARARs for some of the construction activities. 

54. 	 Section 4, Identification and Evaluation ofRemoval Action Technologies, 
page 68. The sixth bullet indicates that in-situ treatment technologies were 
evaluated in this draft EE/CA. This section does not include any discussion of 
this evaluation. Revise the draft EE/CA to include an appropriate discussion, 
or delete this bullet. 

55. 	 Section 4.3.1, Capping - Description and Applicability, page 72. ENR is not a 
type of "conventional sand cap." Revise the first sentence of the second 
paragraph to read, "There are two types of remediation involving placement of 
clean sand that are applicable to the removal action, as discussed below: ..." 
Revise the bullet describing ENR to remove language identifying it as a type 
of cap and include language describing the monitoring required to assure that 
remedial goals are met. Also revise the fourth sentence in this bullet and 
delete the fifth sentence, so that the end of the paragraph reads as follows: 
"Materials added comingle with the surface sediments resulting in reduced 
concentrations; over time, additional materials may also accumulate." 
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56. 	 Section 4.3.1, Capping - Description and Applicability, page 73. As discussed 
in General Comment 6, the section on applicability of various remedial 
approaches to different areas in the RAB needs substantial restructuring and 
explanation. More than simply indicating that ENR or capping are 
"applicable" to any given SMU, this section must provide justification and 
discussion of why that is the case. Dredging or genuine capping separating 
contamination from potential receptors is preferred over ENR because it 
removes or isolates contamination and mGets the cleanup goals much sooner. 

57. 	 Section 4.4, Removal, page 75. Delete the third bullet stating "Future 
dredging by USACE within the navigation channel will result in the removal 
ofsediments in SMU-2, SMU-4, SMU-7, and SMU-IO." See also text on 
pages 98-99. The suggestion that EMJ/]orgensen might avoid addressing 
some contaminated areas that might eventually be subject to navigation 
dredging, or might not design its response action to accommodate minimal 
speculative disruption from future navigation dredging at some unspecified 
future time, is unacceptable. While future channel dredging could cause some 
minor migration of nearby capping or habitat materials as the draft EE/CA 
describes them, these effects on potential ENR areas would likely be minor 
and could be managed by the placement of additional material up-slope. If 
this is subject to doubt, more robust removal action in thes.e projected ENR 
areas would be more appropriate. Revise the EE/CA to remove statements 
inconsistent with this comment. 

58. 	 Section 4.4, Removal, page 75. Potential remedies that leave contamination in 
place above SQS must account for and incorporate a buffer, beginning at a 
point lOft east of the Federal channel and extending to depth described 
below. This horizontal buffer is intended to permit USACE to dredge the 
channel in light of a) maximum imprecision of bucket placement, and b) 
because "box cutting" aka "advance dredging" occurs at the channel boundary 
according to contract conditions. The box cutting allows materials from 
upslope to slough into the channel boundary, and could be a stability issue for 
upslope remedies, which must be suitably designed to prevent remedy failure. 
USACE dredges the federal navigation channel to -17 feet MLL W (-15 feet 
authorized depth plus 2 feet of allowable overdredge depth), and recent Corps' 
Lower Duwamish post-dredge hydro surveys show areas where the post
dredge elevations were up to 3.5 feet below the authorized depth. Even 
greater excess dredging has been noted in other dredging projects. The 
EE/CA should allow for a minimum 3 to 5 foot clearance below the 
authorized depth. Should materials be proposed for capping and/or ENR in 
the federal channel, a 3 to 5 foot buffer must be provided above the hardening 
or isolation layer. Specific clearances should be determined in the design 
phase. 
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59. 	 Section 4.4.1, Land-Based Excavation, page 76. Revise the last paragraph, 
which discusses in-water work windows, in accordance with Specific 
Comment 22 above. 

60. 	 Sections 4.4.2.1, Mechanical-Dredging, and 4.4.2.2, Hydraulic Dredging, 
pages 77 -79. An important part of the engineering evaluation is to 
determine which teclmologies cause less impact during remediation. A 
discussion of dredging impacts must be included in the EE/CA. The benefits 
and challenges ofmechanical and hydraulic dredging must be incorporated 
into the alternatives evaluation. The size and economics ofthis project are 
also affected by integration with the Boeing Plant 2 project. These factors 
must be discussed with respect to inclusion or exclusion ofhydraulic 
dredging. It appears that the debris mentioned in this section as an objection 
to dredging is largely associated with the SMUs that would be excavated in 
the dry from the bank. Revise the EE/CA to clarify these points. 

61. 	 Section 4.6.2, Evaluation, page 84. The first line of the second full paragraph 
contains a typographical error. Revise"... for further consideration as a 
treatment alternative ..." to read as follows: " ... for further consideration as a 
removal alternative ...." 

62. 	 Section 4.7, Disposal, page 84. The first line of this section contains a 
typographical error. Revise"... material could potentially be exposed at 
permitted off-site facilities ..." to read as follows: " ... material could 
potentially be disposed at permitted off-site facilities ...." 

63. 	 Section 4.7.1.1, Off-Site Disposal Description and Applicability, page 87. The 
first subsection on this page contains a confusing regulatory citation. This 
subsection is titled "TSCA Subtitle C Landfills (Hazardous Waste)," and then 
discusses the possibility of disposal of removed sediments in a hazardous 
waste landfill permitted under TSCA to receive PCB materials. Revise the 
EE/CA to state that, depending on analysis of removed sediments, disposal in 
a RCRA Subtitle C landfill (for hazardous wastes) and/or TSCA landfill (for 
PCBs) may be required. 

64. 	 Section 5, Identification and Evaluation ofRemoval Action Alternatives, page 
91. This section requires extensive revision to identify and evaluate removal 
action alternatives as discussed in General Comment 6, above. 

65. 	 Section 5, Identification and Evaluation ofRemoval Action Alternatives, 
pages 91 - 92. This section briefly discusses the rationale for excluding 
"Complete Removal" as a removal option. The text in this section states that 
this alternative was not carried through the evaluation as "extensive" 
sampling, contingency measures, and backfilling would be required at 
substantial additional cost. Exclusion of the "Complete Removal" option is 
not sufficiently justified. Revise the EE/CA to include an evaluation of 
Complete Removal of all and/or sections of the RAB. 

66. 	 Section 5.1.1.1, Bank Excavation and Slope Capping, page 94. The soil 
borings data summary in the first paragraph has a typographical error for the 
units associated with data from SB-3; correct the units from micrograms per 
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kilogram to milligrams per kilogram. In addition, this section must explain 
why a deeper excavation depth (greater than 4 feet) is not being considered 
near SB-4 and SB-7 given the elevated concentrations of PCBs (11 mg/kg dry 
and 1.6 mglkg dry) observed in the 4 to 6 foot interval at these locations. 

67. 	 Section 5.1.1.1, Bank Excavation and Slope Capping, page 94. Although it 
appears this section is intended to discuss excavation of the riverbank above 
the 0 to +2 ft MLLW elevation, the description of the slope cap discusses a 
habitat layer which "will provide the appropriate substrate for benthic and 
salmonid habitat." Benthic and salmonid habitat does not exist above MLLW. 
Revise the EE/CA to clearly discuss what is being proposed, and what species 
are intended to benefit from the habitat layer. 

68. 	 Section 5.1.1.3.1, Sediment Dredging - Description, page 98. Statements 
made in the first paragraph about sediment removal and its effects need 
further substantiation. For example, the portion of SMU-4 that will be 
dredged is not indicated in Figure 5-1. Likewise, the extent of remediation of 
co-occurring contaminants that will be effectuated by the proposed removal of 
PCBs is not apparent from the figures given that the highest surface 
concentrations appear to be located within SMU s 4 and 1, neither of which are 
slated for dredging under Alternative 1. Similar issues need to be addressed in 
the discussion of Alternative 2 in Section 5.2.1.2.1 (page 104). 

69. 	 Section 5.1.1.3.2, Construction Methods, page 101. Delete the last sentence 
of the first paragraph, which states that the disposal site would be "evaluated 
and approved" by EPA before it is selected to receive materials originating 
from the RAB. Add new sentences as follows: "Pursuant to the Order, the 
Respondent shall, prior to any off-site shipment of hazardous substances from 
the Site to an out-of-state waste management facility, provide written 
notification to the appropriate state environmental official in the receiving 
State and to EPA's designated Project Coordinator of such shipment of 
hazardous substances. The notification of shipments shall not apply to any 
off-site shipments when the total volume of such shipments will not exceed 10 
cubic yards." 

70. 	 Section 5.1.1.3.3, Conservation Measures, page 101. The EE/CA must be 
revised to include evaluation of the following additional conservation 
measures: use of "environmental bucket" technology if appropriate to the 
sediment conditions; placement of a "buffer" barge between the dredging site 
and the material conveying barge to capture any material fall-back during 
bucket swings; turbidity curtains if conditions indicate the need for them due 
to resuspension during dredging; and/or temporary sheet-pile 
enclosures/coffer darns at the point of dredging. 

71. 	 Section 5.1.1.4.1, Habitat Layer Placement (ENR) Description, page 102. 
This section indicates that placement of a habitat layer is proposed in areas 
showing only "slight exceedances" of the SQS criteria. SMU-1, however, 
includes at least two samples which exceed 2xCSL, and one sample with 
2xCSL exceedances which is unbounded for depth. The SQS/RvAL for PCBs 
is a minimum threshold removal criterion. Ultimately this removal action 
must succeed in reducing contaminant concentrations in the upper 45 cm of 
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sediments to levels protective of aquatic species and consumers of fish and 
shellfish. Revise the EE/CA to provide better justification of this proposal, or 
revise or eliminate it. 

72. 	 Section 5.2.1.2.1, Sediment Dredging Description, page 104. It is difficult to 
determine from Figures 5-1, 2-8 and 2-9 which sediment data fall within 
which SMUs. It appears that the statement that a 6-ft dredge cut in SMU-4 
will remove all contamination may be accurate with two exceptions; it does 
not consider cores SD-DUW-311 and -320, which still have exceedances at 4 
feet, and there is no deeper data to confirm that SQS in these locations will be 
achieved at 6 feet. Note that SD-DUW-311 may be located in SMU-6, in 
which case the same concern holds with a 5-foot dredge cut. Revise the 
EE/CA to clearly indicate where these sample locations are located relative to 
the proposed alternatives and to demonstrate that the alternatives meet the 
RvALs. 

73. 	 Section 5.3, Management o/Residual Contamination, page 106. The second 
full paragraph on this page states that capping without dredging involves 
minimal disturbance to bottom sediments and therefore minimal residual 
generation. Revise this paragraph to state that residual generation is 
dependent upon the capping procedure and the consistency of the material in 
place. 

74. 	 Section 5.4, lnstitutional Controls, page 106. Revise the EE/CA to clearly 
state that institutional controls for the upland will be implemented by, or at 
least that implementation will be arranged by (e.g., rights purchased or 
bargained for) the owner/operator(s). The EE/CA must also be revised to 
clearly specify who owns and/or controls any area of the Waterway for which 
you are considering institutional controls, including the Port of Seattle and 
state or federal agencies. Notifications should additionally include USACE's 
Regulatory and Navigation Branches. Provide an explicit, detailed list of 
institutional controls that would be used so EPA can evaluate their potential 
effectiveness for this NTCRA. State how the institutional controls would be 
imposed, maintained or enforced, including who would maintain or enforce 
them and under what authority or by what means. 

Delete the last paragraph of this section, as implementation of institutional 
controls could result in significant conflicts with tribal treaty rights which may 
or may not be consensually avoided. This EAA is within the Muckleshoot 
Tribes usual and accustomed fishing areas (U&A) and must accommodate 
tribal use of their treaty-protected resources. If proposed institutional controls 
are not implementable, or effective, EPA will not consider them as part of a 
selected removal action. 

75. 	 Section 5.5, Evaluation 0/Effectiveness, pages 108, 109. Revise the EE/CA 
to state that the removal design will provide supporting documentation to 
demonstrate that any engineered sediment cap shall be sufficient for resisting 
prop-wash scour and anticipated discharge of the Lower DuwamishiGreen 
Rivers within the 1 OO-year return period. 
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76. 	 Section 5.5.1.1, Alternative 1, Effectiveness, page 108. Delete the last portion 
of the third sentence of the first full paragraph, beginning: " ... approved by 
USEPA." The revised sentence shall state: "The removed materials will be 
disposed in a permitted upland landfill." 

77. 	 Section 5.5.1.3, Evaluation ofEffectiveness, Cost, page 109 and Section 
5.5.2.3, Cost, page 111. Cost analyses shall be based on 30 years duration, 
rather than 10 years, and net present value. Because of the potential for 
leaving hazardous substances in place, cost analyses must also include 
CERCLA five-year reviews which will be required into the foreseeable future. 
Revise the EE/CA accordingly. 

78. 	 Section 6, Comparative Analysis ofRemoval Action Alternatives, pages 112 
through 120. An analysis of green remediation factors should be added for 
each alternative in this section. . 

79. 	 Section 6.1.3.2, page 114. Delete the last sentence on this page. Natural 
sediment deposition in the RAB will not trigger further response action. 
dredging and the RAB is not used as a berth. 



Table of ARARs for the Lower Duwamish Waterway 

Topic 

Sediment 
Quality 

Fish Tissue 
Quality 

Surface 
Water Quality 

Land 
Disposal of 
Waste 

Waste 
Treatment 
Storage and 
Disposal 

Standard or 
Requirement 

Sediment quality 
standards; cleanup 
screening levels 

Concentrations of 
chemicals in fish 
tissues 

Surface Water 
Quality Standards 

Disposal of ma
terials containing 
PCBs 

Hazardous waste 

Regulatory Citation 

Federal State 

Sediment Management Standards(WAC 
173-204) 

Food and Drug Administration Maximum 

Concentrations of Contaminants in Fish 

Tissue (49 CFR 10372-10442) 


Ambient Water Quality Criteria 

established under Section 304(a) of the Surface Water Quality Standards (RCW 90
Clean Water Act (33 USC 1251 et seq) 48; WAC 173-201A) 

http://www.epa.gov/ost/criteria/wgctable/ 


Toxic Substances Control Act (15 USC 

2605; 40 CFR Part 761 ) 


Resource Conservation and Recovery Act Dangerous Waste Regulations Land 

Land Disposal Restrictions (42 USC Disposal Restrictions (RCW 70.105; WAC 

7401-7642; 40 CFR 268) 173-303, -140, -141) 


Resource Conservation and Recovery Act 

Dangerous Waste Regulations (RCW 

(42 USC 7401-7642;40 CFR 264 and 
70.105; WAC 173-303) 

265) 

Comment 

The SMS is a statutory requirement 
under MTCA and an ARAR under 
CERCLA. Numerical standards for the 
protection of benthic marine 
invertebrates. 

The Washington State Department of 
Health assesses the need for fish 
consumption advisories. 

State surface water quality standards 
apply where the State has adopted, 
and EPA has approved, Water Quality 
Standards Federal recommended 
Water Quality Criteria established 
under Section 304(a) of the Clean 
Water Act that are more stringent than 
State criteria and that are relevant and 
appropriate also apply. Both chronic 
and acute standards, and marine and 
freshwater are used as appropriate. 

http://www.epa.gov/ost/criteria/wgctable


Table of ARARs for the Lower Duwamish Waterway 

Standard or Regulatory Citation 

Topic Requirement Federal State Comment 

Noise 
Maximum noise 
levels 

Noise Control Act of 1974 (RCW 
80.107; WAC 173-60) 

Groundwater 
Safe Drinking Water Act MCLs and non
zero MCLGs (40 CFR 141) 

RCW 43.20A.165 and WAC 173-290-310 For on-site potable water, if any. 

Dredge/Fill 
and Other In-
water 

Discharge of 
dredgedffill material 
into navigable 
waters or wetlands 

Clean Water Act (33 USC 401 et seq; 33 
USC 141; 33 USC 1251-1316; 40 CFR 
230, 231,404; 33 CFR 320-330)Rivers 
and Harbors Act (33 USC 401 et seq 

Hydraulic Code Rules 

(RCW 75.20; 

WAC 220-110) 


For in-water dredging, filling or 
other construction. 

Construction 
Work 

Open-water disposal 
of dredged 
sediments 

Marine Protection, Research and 
Sanctuaries Act (33 USC 1401-1445) 
40 CFR 227 

DMMP (RCW 79.90; WAC 332-30-166) 


Solid Waste 
Disposal 

Requirements for 
solid waste handling 
management and 
disposal 

Solid Waste Disposal Act (42 USC 
215103259-6901-6991; 40 CFR 257,
258) 

Solid Waste Handling Standards (RCW 

70.95; 

WAC 173-350) 


Discharge to 
Surface 
Water 

Point source 
standards for new 
discharges to 
surface water 

National Pollutant Discharge 
Elimination System (40 CFR 122, 
125) 

Discharge Permit Program (RCW 90.48; 

WAC 173-216, -222) 


Shoreline 
Construction and 
development 

Shoreline Management Act (RCW 90.58; 

WAC 173-16); King County and City of 

Seattle Shoreline Master Plans (KCC Title 

25; SMC 23.60) 


For construction within 200 feet of 
the shoreline. 

Floodplain 
Protection 

Avoid adverse 
impacts, minimize 
potential harm, 

Executive Order 11988, Protection of 
flood plains (40 CFR 6, Appendix A) ; 
FEMA National Flood Insurance Program 
Regulations (44 CFR 60.3Ld)(3)). 

For in-water construction activities, 
including any dredge or fill operations. 
Includes local ordinances: KCC Title 9 
and SMC 25.09. 
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Standard or Regulatory Citation 

Topic Requirement Federal State Comment 

Critical (or 
Sensitive) 
Area ARAR 

Growth Management Act (RCW 37.70a); 
King County Critical Area Ordinance (KCC 
Title 21A.24); City of Seattle (SMC 25.09) 

Habitat for 
Fish, Plants, 
or Birds 
ARAR 

Evaluate and 
mitigate habitat 
impacts

Clean Water Act (Section 404 (b)(1 )); 
U.S. Fish and Wildlife Mitigation Policy 
(44 FR 7644); 
U.S. Fish and Wildlife Coordination Act 
(16 USC 661 et seq); Migratory Bird 
Treaty Act (16 USC 703-712) 

Pretreatment 
Standards 

National
Pretreatment
Standards 

40 CFR Part 403; Metro District Wastewater 
Discharge Ordinance (KCC) To be 
considered (as is local requirement) 

Environment 
allmpact. 
Review 

SEPA 
State Environmental Policy Act R,CW 
43.21C; WAC 197-11-790) 

Applicable to MTCA cleanups. 



DEPARTMENT OF THE ARMY 
SEATTLE DISTRICT, CORPS OF ENGINEERS 

P.O. BOX 3755 
SEATTLE, WASHINGTON 98124-3755 

REPLY TO 
ATTENTION OF 

AUG - 3 2010 
Navigation Section 

Ms. Allison Hiltner 
U.S. Environmental Protection Agency, Region 10 
1200 Sixth Avenue, Suite 900, MC ECL-lll 
Seattle, Washington 98101 

Re: Duwamish River - Dredging Buffer Zone Needs in the Federal Navigation Channel 

Dear Ms. Hiltner: 

As you are aware, there are contaminated materials from the past industrial uses of the 
Duwamish River that have encroached on the authorized Federal channel in the Duwamish River 
in Seattle, Washington. Periodic maintenance dredging is performed when the depth of the water 
is shallower than the authorized depths, generally, every 2 years. It is my understanding that 
potentially liable parties (PLPs) in the CERCLA and RCRA processes will remove contaminated 
material from within the footprint ofthe Federal navigation channel. 

The U.S. Army Corps of Engineers (USACE) has an interest in ensuring that capping 
contaminated materials in the authorized Federal navigation channel is done properly. The top 
of the environmental cap should be deep enough so future maintenance dredging can be done to 
minimize the risk of breaching remediation protective capping and exposure of contaminants 
while allowing the dredging to remain cost effective. 

Based on technical review ofprior dredging activities in the Seattle District as well as other 
USACE Districts and considering research from the USACE's ERDC facility, final cap elevation 
should equal authorized depth plus 2-foot over-depth and an additional2-foot buffer zone for cap 
protection. This is based on the type of equipment that typically maintains this channel 
(clamshell mechanical dredging) and considers the typica12-foot over-depth dredging that is 
usually performed. As an example, the authorized depth of the navigation channel at Station 240 
is -15 feet MLLW. With the 2-foot over-depth and 2-foot of buffer zone, the protective cap 
should be at -19 feet MLLW or deeper. 

The buffer zone could be clean material or simply a water buffer. From a horizontal 
positioning perspective, we would like to see a 1 O-foot horizontal buffer zone between the 
authorized Federal channel and the edge of a protective cap to minimize horizontal positioning 
errors that could cause cap breaching. The 10-feet buffer horizontal buffer is roughly the 
equivalent of the dredge bucket width used during Duwamish River maintenance dredging. 
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This issue is moving through our internal processes and might change slightly; however, at 
this time, the 2-foot vertical buffer and lO-feet horizontal buffer are the preferred options for the 
Seattle District when capping contaminated material in the Duwamish Federal Channel. 

If you have any questions or desire additional information, please call me at 
(206) 764-3431 or email stuart.r.cook2@usace.army.mil. 

Sincerely, 

! 

Chief, Operations Division 

cc: 
J. Hicks, USACE, Acting Chief, Navigation 
B. Bachman, USACE, PM, Engineering 
J. Wakeman, USACE, PM, Engineering 

mailto:stuart.r.cook2@usace.army.mil


UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 10 

1200 Sixth Avenue, Suite 900 
Seattle, WA 98101-3140 

SEP 15 lQ10 
OFFICE OF 

AIR, WASTE AND 
TOXICS 

Mr. Peter Jewitt 
Farallon Consulting, LLC 
975 5th Avenue Northwest 
Issaquah, Washington 98027 

Mr. Gil Leon 
Earle M. Jorgensen Company 
10650 South Alameda 
Lynwood, California 90262 

Re: 	 Request for Extension - Submittal of Second Draft Engineering Evaluation/Cost 
Analysis; Jorgensen Forge Facility, Seattle, Washington 
Administrative Order on Consent, U.S. EPA Docket No. CERCLA 10-2003-0111 

Dear Mr. J ewitt and Mr. Leon: 

The U.S. Environmental Protection Agency Region 10 (EPA) received an email 
on September 9,2010 from your project manager, Amy Essig Desai, requesting a second 
extension of the due date for the revised Draft Engineering Evaluation/Cost Analysis 
(EE/CA) for the Jorgensen Forge Facility. The email indicates that you are not 
comfortable revising the EE/CA until you have seen 30% engineering drawings for the 
proposed remedy at Boeing Plant 2 with "enough buy off from EPA that it would closely 
represent what EPA would take to public comment." The current due date for submitting 
your revised EE/CA to EPA is September 20, 2010. The email requests an additional six
week extension until November 1,2010, and requests a meeting be held between EPA, 
Jorgensen, and Boeing in order to develop a revised project schedule. 

As you are aware, the project schedule allows very little time beyond September 
20th for submittal of the EE/CA if construction is to begin in 20 12. Your proposed 
submittal date may negatively impact the construction start date. EPA is committed to 
achieving the 2012 construction season, and is concerned that an extension will reduce 
the likelihood. 

EPA is also concerned that Jorgensen appears to expect EPA to "buy off" on a 
proposed remedy prior to receipt of the alternatives analyses for both the Jorgensen and 
Boeing Plant 2 cleanups. As you are aware, EPA must consult with tribal governments 
and the Washington State Department of Ecology, and intends to consult with other 
stakeholders, prior to sending a proposed remedy to public comment. While we 
understand your desire for some certainty prior to submitting the EE/CA, EPA provided 

-------------_.--_ ... 



direction and guidance in the form of comments on your EE/CA as well as Boeing Plant 
2's alternatives analysis, and coordinated these comments to avoid inconsistencies. 

In accordance with comments already provided to you, the EE/CA must evaluate 
several reasonable alternatives for cleanup of the conditions that exist at the Jorgensen 
Forge site. Boeing must do the same for the Plant 2 cleanup. While the selected 
remedies must be consistent to a significant degree, and fully integrated within the 
transition zone, the alternatives in the EE/CA are broad enough to support EPA remedy 
selection for Jorgensen regardless of what is ultimately selected for Boeing Plant 2. 

We have had several technical meetings to discuss EPA's comments on 
Jorgensen's EE/CA, and believe we are in agreement about what alternatives will be 
evaluated. EPA does not expect there will be major inconsistencies in conceptual 
approach, and minor inconsistencies can be coordinated during final design. We do not 
see any advantage in proceeding serially rather than in parallel with the Boeing Plant 2 
and Jorgensen alternatives analyses. 

EP A is therefore granting only a partial extension to the submittal date, to allow a 
reasonable period of time to complete a high-quality revised EE/CA for the Jorgensen 
Forge site. The revised EE/CA should be coordinated to the degree possible with Boeing 
given the time constraints. Jorgensen Forge's revised draft Engineering Evaluation/Cost 
Analysis must be submitted to EPA by October 12, 2010. 

Should you have questions or comments, please contact me by phone at 206-553
8506 or by email at brown.christy@epa.gov. 

Sincerely, 

~rsly~.~ 
Christy Brown 
Project Coordinator 
Office of Air, Waste and Toxics 

Cc: Glen St. Amant, Muckleshoot Tribe 
Allison O'Sullivan, Suquamish Tribe 
Marla Steinhoff, NOAA 
John Keeling, Ecology - NWRO 
Brad Helland, Ecology - NWRO 
Thea Levkovitz, DRCC 
Amy Essig Desai, Farallon Consulting 
David Templeton, Anchor Environmental 
Ryan Barth, Anchor Environmental 
John S. Wakeman, USACE 

mailto:brown.christy@epa.gov
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September 23,2010 

Ms. Christy Brown 
Project Coordinator 
Office of Air, Waste and Toxics 
United States Environmental Protection Agency, Region 10 
1200 Sixth A venue, Suite 900 
Seattle, Washington 98101-3140 

RE: 	 RESPONSE TO REQUEST FOR EXTENSION - SUBMITTAL OF SECOND 
DRAFT ENGINEERING EVALUATION/COST ANALYSIS 
JORGENSEN FORGE FACILITY 
SEATTLE, WASHINGTON 
ADMINISTRATIVE ORDER ON CONSENT, U.S. EPA DOCKET NO. 
CERCLA 10-2003-0111 

Dear Ms. Brown: 

Farallon Consulting, L.L.c. (Farallon) and Anchor QEA, L.L.c. (Anchor QEA) have prepared 
this letter on behalf of Earle M. Jorgensen Company (EMJ) and Jorgensen Forge Corporation 
(Jorgensen) in response to the letter regarding Request for Extension - Submittal ofSecond Draft 
Engineering Evaluation/Cost Analysis; Jorgensen Forge Facility, Seattle, Washington dated 
September 15, 2010 from the U.S. Environmental Protection Agency (EPA). EMJ and 
Jorgensen appreciate that EPA has extended the submittal date for the Second Draft Engineering 
Evaluation/Cost Analysis (EE/CA) for the Jorgensen Forge Facility located in Seattle, 
Washington (herein referred to as the Site) until October 12, 2010. However, for the reasons 
described below, there is insufficient time between now and October 12, 2010 to complete the 
Second Draft EE/CA in accordance with the requirements of the Administrative Order on 
Consent, U.S. EPA Docket No. CERCLA 10-2003-0111 (AOC). Therefore, EMJ/Jorgensen 
request that the submittal date for the Second Draft EE/CA be extended to November 15, 2010. 
Although there are a number of challenges presented by the goal of in-water construction by the 
late 2012 construction window, an extension to November 15, 2010 for submittal of the Second 
Draft EE/CA would not materially affect EMJ/Jorgensen' s ability to meet that schedule. 

At the July 21 , 20 10 meeting, EPA agreed that 8 weeks would be necessary to complete the 
Second Draft EE/CA to allow sufficient time for review by senior management of both EMJ and 
Jorgensen, and provided an 8-week extension to September 20, 2010. Farallon and Anchor QEA 
were unable to proceed with the preparation of the Second Draft EE/CA following the July 21 , 
2010 meeting until the U.S. Army Corps of Engineers (USACE) resolved the top of cap 
elevation in the 10-foot buffer zone, and until proposed remedial alternatives for sediment 
cleanup in the Duwamish Sediment Other Area (DSOA) were coordinated with The Boeing 
Company (Boeing), as discussed below. EPA did not provide sufficient resolution on these 
issues until September 13 , 2010. As recently communicated to EPA, because Farallon and 
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Anchor QEA still require 8 weeks to prepare the Second Draft EE/CA, EMJ/Jorgensen request 
an extension of the submittal date for the Second Draft EE/CA to November 15 , 2010. 

The First Draft EE/CA was submitted to EPA in March 2009. Comments were not received 
from EPA until May 6, 2010, approximately 14 months after submittal of the First Draft EE/CA. 
Following receipt of EPA comments, Farallon and Anchor QEA met with EPA and the USACE 
on May 26, 2010 to discuss EPA's April 30, 2010, letter regarding Comments on Draft 
Engineering Evaluation/Cost Analysis (EE/CA), March 2009, Comprehensive Environmental 
Response, Compensation, and Liability Act, Administrative Order on Consent, U.S. EPA Docket 
No. CERCLA 10-2003-011 (EPA Comments). The purpose of the May 26, 2010 meeting was to 
clarify a number of the substantive EPA comments and determine the most efficient and 
effective approach to revising the First Draft EE/CA. All parties agreed at the May 26, 20 I 0 
meeting that the most efficient path forward for submittal of the Second Draft EE/CA was for 
Farallon and Anchor QEA to develop revised remedial alternatives consistent with the EPA 
clarifications and to hold another meeting with EPA to present the revised alternatives. 

Farallon and Anchor QEA met with EPA on July 21, 2010 to present the four revised remedial 
alternatives proposed for inclusion in the Second Draft EE/CA. Farallon and Anchor QEA 
confirmed the USACE request that the top elevation of any cap material located 3 to 5 feet below 
the authorized navigational channel elevation plus 2-foot overdredge tolerance (i.e., -20 to -22 
feet mean lower low water [MLL Wl elevation) is restricted to the navigation channel and does 
not extend into the 10-foot offset buffer directly adjacent to the navigational channel. Within the 
10-foot offset buffer, EPA and the USACE clearly stated at the July 21,2010 meeting that the 
proposed remedial alternatives must account for potential future navigational dredging to -17 feet 
MLL W (i .e., the top of cap elevation is at or below this elevation) and resulting stable side slopes 
up-gradient of this elevation. 

During the July 21, 2010 meeting, EPA reiterated that the Second Draft EE/CA is to detail the 
integration of the remedial alternatives with the immediately adjacent sediment remedy to be 
conducted concurrently by Boeing in the DSOA, and that the Boeing DSOA design document 
and the EMJ/Jorgensen Second Draft EE/CA were to be submitted for public review and 
comment concurrently and maintained on the same schedule. The EPA requirements were 
consistent with the Memorandum of Understanding (MOU) between EMJ/Jorgensen and Boeing 
dated August 2007, which was incorporated via reference in the First Amendment to the AOC. 
Jorgensen, EMJ, and Boeing have had bi-weekly coordination conference calls and meetings 
since 2008 to discuss the proposed design for the sediment cleanup in the DSOA, source control, 
and schedule. Boeing indicated during the coordination meeting immediately prior to the July 
21 , 2010 meeting with EPA that they were continuing to negotiate the proposed DSOA remedial 
alternatives with EPA and could not provide sufficient detail for integration with the Second 
Draft EE/CA. 

It was at that July 21 , 20 I 0 meeting with EPA that Farallon and Anchor QEA confirmed that 
preparation of the Second Draft EE/CA would require 8 weeks to complete pending finalization 
of the proposed Boeing DSOA sediment remedial alternatives. In a letter from EPA dated July 
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21 , 2010, EPA approved an 8-week extension of the submittal date of the Second Draft EE/CA 
to September 20, 20 Io. 

However, approximately 10 days following receipt of the extension letter, a letter regarding 
Duwamish River - Dredging Buffer Zone Needs in the Federal Navigation Channel dated 
August 3, 2010 from the USACE (USACE Letter) was forwarded by EPA to Farallon and 
Anchor QEA. In contrast to the information received from the EPA and USACE during the July 
21 , 2010 meeting, the USACE Letter stated that -19 feet MLL W is the requested top of cap 
elevation within the 10-foot offset buffer directly adjacent to the navigational channel. The 
change in top of cap elevation from -I 7 feet MLL W to -19 feet MLL W within the offset buffer 
would have a significant impact on the remedial alternatives to be presented in the Second Draft 
EE/CA; therefore, prior to proceeding with the preparation of the Second Draft EE/CA, Farallon 
and Anchor QEA immediately requested confirmation from EPA that the information provided 
in the July 21, 2010 meeting requesting use of -17 feet MLLW still applied. EPA did not 
respond until August 30, 2010 with sufficient information to allow completion of the proposed 
remedial alternatives in the Second Draft EE/CA. 

Following receipt of the July 21, 2010 extension letter, Boeing continued to negotiate the 
proposed DSOA remedial alternatives with EPA. Boeing stated that there was not sufficient 
information from EPA to integrate Boeing's proposed DSOA alternatives into the Second Draft 
EE/CA. To meet EPA's stated objective to have a joint public review process for the Boeing 
DSOA and the EE/CA alternative selection, EMJ/Jorgensen contacted EPA between August 31 
and September 9, 2010 to request an extension of the Second Draft EE/CA submittal date 
contingent upon receipt of design drawings from Boeing that EPA would agree were appropriate 
for public comment. EPA responded on September 13, 2010 that Boeing intended to enter 
Dispute Resolution with EPA and that EPA was concerned that this continued delay may impact 
EMJ/Jorgensen's ability to implement the EE/CA remedy during the 2012 in-water construction 
window anticipated by EPA. Therefore, contrary to the MOU and previous written and verbal 
communication from EPA, EPA determined that the cleanup actions to be conducted by 
EMJ/Jorgensen and Boeing would be decoupled at this stage in the EE/CA development and re
coupled in the future , following completion of Boeing's Dispute Resolution and during design of 
the EPA-approved EEICA remedy. This decision allowed EMJlJorgensen to proceed with 
preparation ofthe Second Draft EE/CA. 

The extension of the submittal date of the Second Draft EE/CA will affect future coordination of 
the EE/CA with Boeing activities. Farallon and Anchor QEA recommend that as EPA moves 
toward agreement with Boeing regarding cleanup alternatives, meetings be held between 
EMJ/Jorgensen, Boeing, and EPA to coordinate key elements of the pre-remedy selection 
process and the integrated schedule. Meanwhile, JorgensenlEMJ will proceed to complete the 
Second Draft EE/CA consistent with comments provided by EPA. 

EMJ/Jorgensen are committed to providing a high-quality EE/CA that meets the requirements of 
the AOC, which requires sufficient time to fully evaluate the remedial alternatives, develop a 
thorough and complete technical evaluation, and provide for review by senior management at 
both EMJ and Jorgensen. Given these demands and the very recent resolution of issues critical 
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to the EE/CA's preparation, we believe the requested one-month extension is reasonable, 
particularly as this extension will not materially affect EMJ/Jorgensen' s ability to meet the 2012 
in-water construction goal set by EPA. 

Farallon and Anchor QEA trust that this provides sufficient information for your consideration of 
our request. Feel free to contact either of the undersigned at (425) 295-0800 if you have any 
questions or would like to discuss this issue further. We look forward to your prompt response 
on this request for an extension. 

Sincerely, 

Oonll•• C••'.'1i: 
~ 
Senior Scientist 

cc: 	 Glen St. Amant, Muckleshoot Tribe 
Allison O'Sullivan, Suquamish Tribe 
Marla Steinhoff, NOAA 
John Keeling, Ecology - NWRO 
Brad Helland, Ecology - NWRO 
Thea Levkovitz, DRCC 
John S. Wakeman, USACE 
Mr. Gil Leon, Earle M. Jorgensen Company 
Mr. Ron Altier, Jorgensen Forge Corporation 
Mr. Wayne Desberg, Jorgensen Forge Corporation 
Mr. William Joyce, Salter Joyce Ziker, P.L.L.C. 
Mr. Josh Lipsky, Cascadia Law, P.L.L.c. 
Mr. Ryan Barth, Anchor QEA, L.L.C. 
Mr. David Tempelton, Anchor QEA, L.L.C. 
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UNITED STATES ENVIRONMENTAL PROTECTION 
REGION 10 

1200 Sixth Avenue, Suite 900 
Seattle, WA 98101-3140 

SEP 28 ZOlO 

Mr. Peter Jewitt 
Farallon Consulting, LLC 
975 5th Avenue Northwest 
Issaquah, Washington 98027 

Mr. Gil Leon 
Earle M. Jorgensen Company 
10650 South Alameda 
Lynwood, California 90262 

Re: 	 Request for Extension - Submittal of Second Draft Engineering Evaluation/Cost 
Analysis; Jorgensen Forge Facility, Seattle, Washington 
Administrative Order on Consent, U.S. EPA Docket No. CERCLA 10-2003-0111 

Dear Mr. J ewitt and Mr. Leon: 

The U.S. Environmental Protection Agency Region 10 (EPA) received a letter 
dated September 23,2010 from your project manager, Amy Essig Desai, requesting that 
EPA extend the submittal date for the revised Draft Engineering Evaluation/Cost 
Analysis (EE/CA) for the Jorgensen Forge Facility to November 15,2010. The letter 
states that, given the very recent resolution of technical issues critical to the design, there 
is not enough time to fully evaluate the remedial alternatives, develop a thorough and 
complete technical evaluation, and provide for review by senior management at EMJ and 
Jorgensen by October 12, 2010. 

Based on your assurance that the requested extension will not materially affect 
EMJ/Jorgensen's ability to meet the 2012 in-water construction goal, EPA is granting this 
request. The revised draft Engineering Evaluation/Cost Analysis must be submitted to 
EPA no later than November 15, 2010. 

Should you have questions or comments, please contact me by phone at 206-553
8506 or by email at brown.christy@epa.gov. 

Sincerely, 

/l;! 'J 'j)
UU}('2>Tl(7Y2lJzf/l/"-. 

Christy Brown 
Project Coordinator 
Office of Air, Waste and Toxics 

mailto:brown.christy@epa.gov


 
 

   
 

 

 

 

1423 Third Avenue, Suite 300 
Seattle, Washington 98101 
Phone 206.287.9130 
Fax 206.287.9131 

November 15, 2010  
 
Christy Brown   
Project Coordinator, Office of Air, Waste and Toxics   
U.S. Environmental Protection Agency, Region  10  
1200 Sixth Avenue, Suite 900  
Seattle, Washington   98101-3140  
 
 
Re:	  EPA Comments on  Draft Engineering Evaluation/Cost Analysis, Jorgensen Forge  

Facility,  March 2009  
Comprehensive Environmental Response, Compensation, and Liability  Act  
Administrative Order  on Consent, U.S. EPA Docket No. CERCLA 10-2003-0111  

 
Project Number:  080224-01  
 
 
Dear Ms. Brown:  
 
On behalf of Earle M. Jorgensen  Company (EMJ) and Jorgensen Forge Corporation  
(Jorgensen  Forge), this letter  responds  to the U.S. Environmental Protection Agency’s  
(EPA’s) April 30, 2010,  comments on the  Draft Engineering Evaluation/Cost Analysis,  
Jorgensen Forge  Facility  (EE/CA) submitted in  March 2009.   For easier reference, EPA’s 
original comments are provided in  bold  and a different font  immediately before  EMJ and  
Jorgensen Forge’s specific  responses.    
 
Farallon Consulting, LLC (Farallon),  and Anchor QEA, LLC, m et with EPA and the U.S. 
Army Corps of Engineers (USACE)  on May 26, 2010, to  discuss EPA’s  comments on  the  Draft  
EE/CA.  The purpose of the meeting was to determine the most efficient and effective 
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approach to  developing the Second  Draft EE/CA, based  on  the following primary substantive  
EPA comments:  

• 	 Confirm that  sufficient  data currently exists to support identification of the removal  
action boundary (RAB)  that was reviewed and approved by EPA during development  
of the  Draft EE/CA   

• 	 Identify sufficient removal action alternatives to support and justify evaluation and 
selection of a recommended removal action alternative for public review and 
comment  

• 	 Design removal action alternatives with sufficient removal and engineered capping to  
provide long-term protection of human health and the environment  

• 	 Design removal action alternatives to accommodate potential future dredging by 
USACE within and adjacent to the  federal navigation channel  

• 	 Provide additional  detail  to explain the  integration of The Boeing Company (Boeing)  
Duwamish Sediment Other Area  (DSOA) and  Southwest Bank Interim Measure  
Alternatives Evaluation  cleanup alternatives  with the EE/CA removal action  
alternatives    

 
While  discussing  the proposed revised removal  action alternatives at the May 26  meeting,  
the  parties agreed that the most efficient path forward was for Farallon and  Anchor  QEA to  
develop revised removal action  alternatives  consistent with the EPA clarifications provided  
during the meeting and  to hold another  focused  meeting with EPA to present the revised  
alternatives.   EPA and  USACE also confirmed  that  USACE’s  request  that the  top elevation of 
any cap material  be  located 3 to 5 feet below the authorized navigational channel elevation 
plus 2-foot overdredge tolerance (that is, -20 to  -22 feet mean lower low water [MLLW] 
elevation) is restricted to the  federal  navigation channel and does  not extend into the 10-foot  
offset buffer directly adjacent to the channel.  EPA and USACE  clearly stated that  within the  
10-foot offset buffer  the proposed  removal action  alternatives must account for potential 
future navigational dredging to  -17 feet MLLW (that is, the top of cap elevation is at or  
below this elevation) and resulting stable side slopes up-gradient of this elevation.  
 
Farallon and Anchor QEA met with EPA on July 21, 2010,  to present  three  proposed revised  
removal action  alternatives (plus the No Action alternative)  that included  the following  
primary objectives:  
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• 	 Removal and/or containment of all sediments with concentrations above the total 
polychlorinated biphenyls (PCBs) removal action level (RvAL) identified in the EPA  
May 26, 2010, comment letter (12 milligrams per kilogram normalized as appropriate  
for organic carbon content) within the 45 centimeter (1.5-foot) vertical point of 
compliance  

• 	 Significant additional horizontal and vertical removal within the RAB, including the  
“Remove All” alternative, to minimize the placement of engineered caps   

•	  Continued accommodation of future potential  dredging by USACE  within and  
adjacent to the federal navigation channel   

 
Following review and discussion of the alternatives  during the July 21 meeting, EPA stated  
that the  three  proposed alternatives were protective and  sufficiently  different to allow EPA 
and the public to evaluate and compare the alternatives and ultimately select the most  
reasoned alternative per the EE/CA selection criteria.    
 
EPA  reiterated  during the July 21, meeting  that the Second Draft EE/CA shall  detail the  
integration of the  removal action  alternatives with the immediately-adjacent  Boeing DSOA  
sediment remedy to be conducted concurrently  with the EE/CA removal action alternative.  
EPA also  intends  to submit  the Boeing  DSOA  and Southwest Bank Interim Measure  
Alternatives Evaluation  and the Second Draft EE/CA for public review  and comment  
concurrently; requiring  these documents be maintained  on the same schedule.   These  EPA 
requirements were consistent with the August 2007 Memorandum of Understanding (MOU)  
between EMJ/Jorgensen and Boeing, which was incorporated via reference in the First  
Amendment to the AOC.  
 
Farallon and Anchor QEA confirmed that  Jorgensen, EMJ, and Boeing  have held  bi-monthly  
coordination conference calls and meetings since 2007  to discuss the proposed design for the 
adjacent  sediment cleanup  designs, the status of  source control, and schedule.  Farallon and  
Anchor QEA also  informed EPA that Boeing is  continuing to  negotiate  the proposed DSOA  
remedial alternatives with EPA  and that these negotiations are not anticipated to be  
completed until following submittal of the Second  Draft EE/CA.  This  lag in schedule  
prevents the  Second Draft EE/CA from containing  a description detailing the integration of  
the adjacent remedies.    
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Following the July 21  meeting, Boeing  notified  Farallon and Anchor QEA  were notified by 
Boeing that the Dispute Resolution  process would be  initiated  with EPA to resolve the  
ongoing negotiations  of  the DSOA cleanup alternatives.  To meet EPA’s stated objective of 
having  joint public review process for the Boeing DSOA  design document  and the  Second  
Draft  EE/CA, EMJ/Jorgensen contacted EPA between August 31 and September 9, 2010, to   
request an extension of the Second Draft EE/CA submittal date.  The extension  duration  
would be  contingent upon receipt of design drawings from Boeing that EPA would agree  
were appropriate for public  comment.    
 
EPA responded on September 15, 2010,  with concern  that this  continued delay may impact  
EMJ  and  Jorgensen’s ability to  implement the EE/CA remedy during the 2012 in-water 
construction window.   For this reason,  EPA determined—contrary to the MOU  and previous  
written and verbal communication from EPA—that the cleanup actions  to be conducted by  
EMJ  and  Jorgensen and  Boeing would be decoupled at this stage in the EE/CA development  
and recoupled  in the future, following completion of Boeing’s Dispute  Resolution and during 
design of the EPA-approved EE/CA remedy.    
 
Specific responses to EPA’s April 30, 2010, comments on the Draft EE/CA are provided  
below based on the previously  described communications  with and clarifications received by  
EPA and  USACE.   The Second Draft EE/CA has also been revised to incorporate this 
information.  Appendix  C  of the Second Draft EE/CA also provides a record ofEPA and 
USACE communications  during development of the EE/CA  and EMJ and Jorgensen  Forge’s  
responses to EPA’s comments on the Draft EE/CA.    
 
If you have any questions or concerns, please contact me at (206)  910-4279 or 
dtempleton@anchorqea.com  
 
Regards,  
 

 
 

David Templeton 
 
Anchor QEA, LLC 
  

Christy Brown, EPA 
November 15, 2010 
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Cc: 

Gilbert Leon, EMJ 
Ron Altier, Wayne Desberg, and Steve Abelman; Jorgensen Forge 
William Joyce; Salter Joyce Ziker, PLLC 
Rod Brown and Josh Lipsky, Cascadia Law Group 
Shawn Blocker, EPA 
Kris Flint, EPA 
John Keeling, Ecology 
Richard Thomas, Ecology 
Peter Jewett and Amy Essig Desai; Farallon Consulting, LLC 
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GENERAL COMMENTS 
1. The Jorgensen Forge sediment cleanup is an Early Action Area (EAA) of the Lower Duwamish 
Waterway (LDW) Superfund Site in close proximity to the adjoining Boeing Plant 2 EAA and the 
Terminal-1 17 (T-II7) EAA located directly across the LDW. As EPA has emphasized from the beginning 
of this project, sediment remedies for these EAAs must be carefully coordinated. The Draft 
Engineering Evaluation/Cost Analysis, Jorgensen Forge Facility (EE/CA) refers to the Memorandum of 
Understanding, Coordination at the Lower Duwamish Waterway Transition Zone Boundary (MOU), 
executed by Earle M. Jorgensen Company (EMJ) and Jorgensen Forge Corporation (Jorgensen) with 
The Boeing Company (Boeing) in August, 2007, for implementation of this non-time critical-removal 
action (NTCRA). This MOU requires close coordination and cooperation between EMJ/Jorgensen and 
Boeing for all phases of their abutting sediment cleanup actions. 

It is not evident from the draft EE/CA, however, that coordination has been or is occurring, as the 
alternatives chosen for evaluation are very different than those being evaluated for Boeing Plant 2. 
The EE/CA must demonstrate that these efforts are being coordinated. This coordination should be 
evident in the discussion of the conceptual site model(s), choices of alternatives for evaluation, 
commonalities among cost estimates, etc. Where different alternatives are being evaluated for site-
specific reasons, the rationale with supporting documentation must be clearly presented. This EE/CA 
will be subject to public comment, and reviewed by many interested parties in addition to the U.S. 
Environmental Protection Agency, Region 10 (EPA). It is critical that it be clear how the pieces, 
particularly coordination between the Jorgensen and Boeing Plant 2 projects, will fit together. 

Please recall that treating the Jorgensen and Boeing EAAs as separate projects subject to a 
coordination and cooperation MOU was EMJ/Jorgensen and Boeing's much favored alternative to 
EPA's strong preference to treat the adjoining contaminated sediments of these two facilities as a 
single, jointly implemented project. EPA expects and will demand that EMJ/Jorgensen and Boeing live 
up to both the letter and spirit of the MOU. 

EMJ and Jorgensen Forge’s Response: 
As discussed in the introduction to this letter, EMJ and Jorgensen Forge have met regularly 
with Boeing over the last three years, consistent with the MOU, to discuss integration of the 
adjacent Boeing DSOA and EE/CA sediment remedies and project schedule.  Currently, 
Boeing continues to negotiate the appropriate alternatives to be included in the Boeing 
DSOA design document preventing the inclusion of specific detail in the Second Draft 
EE/CA regarding integration of the Boeing DSOA and EE/CA sediment remedies.  EPA’s 
letter dated September 15, 2010, stated that that they were concerned that this continued 
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delay may impact EMJ/Jorgensen’s ability to implement the EE/CA remedy during the 2012 
in-water construction window anticipated by EPA.   For this reason, EPA determined that— 
contrary to the MOU and previous written and verbal communication from EPA—the 
cleanup actions to be conducted by EMJ/Jorgensen and Boeing shall be decoupled at this 
stage in the EE/CA development and re-coupled in the future, following completion of 
Boeing’s Dispute Resolution and during design of the EPA-approved EE/CA remedy. 

As EPA moves toward agreement with Boeing regarding cleanup alternatives and decides to 
recouple the two projects, EMJ and Jorgensen Forge recommend that meetings be scheduled 
jointly between EPA, Boeing and Jorgensen Forge/EMJ to discuss key elements of pre-
remedy selection and post-remedy selection design and an integrated schedule for 
implementation of both projects as a single project during the 2012 in-water construction 
window.  

2. EPA agrees that the Washington State Sediment Quality Standard (SQS) for PCBs [12 parts per 
million organic carbon normalized (12 ppm OC)] is an appropriate delineating criterion and an 
appropriate Removal Action Level (RvAL) for sediment removal and/or capping for this EAA. The 
EE/CA must be revised to state that all PCBs which exceed the SQS/RvAL will be removed or 
permanently capped. Use of the term RvAL will conform this EE/CA to the ongoing T -117 EE/CA and 
the ongoing LDW Site feasibility study (FS). The Boeing Plant 2 sediment cleanup will be a RCRA 
Interim Measure under a RCRA Order pre-dating the LDW Site, and will necessarily use RCRA rather 
than CERCLA terminology which will be substantively equivalent. 

EMJ and Jorgensen Forge’s Response:
 
This information has been added to Sections 1.3 and 4.1.
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3.  The draft EE/CA states in a number of places that this removal action will be protective of aquatic 
organisms as well as the people who consume fish and shellfish harvested from the LDW. This 
statement is inconsistent with establishment of the RvALs at the SQS level and could be confusing to 
reviewers. Include the following information regarding the long-term cleanup goals for the LDW in the 
EE/CA in order to clarify this apparent inconsistency: 

Protection of higher seafood consuming human populations, specifically tribes but 
also Asian-Pacific Islanders, will require sediment risk based concentrations (RBCs) 
that will be more stringent than background. Current MTCA regulations require final 
cleanups to achieve natural background levels, and interim cleanups (including 
CERCLA removal actions) to at least achieve anthropogenic background levels, all of 
which are substantially more stringent than the RvALs which are based on SQS 
numerical criteria developed for the protection of benthic organisms. The SQS/RvALs 
are unrelated to protective human seafood consumption levels. Based on current 
technology, final LDW sediment constituent of concern (COC) concentrations will be 
limited by the extent of lateral loading upon completion of all source control efforts, 
and loading from the upstream Green-Duwamish River system. The likelihood is that 
1) LDW sediment will reach equilibrium based on this lateral and upstream loading at 
levels which will exceed both natural and any reasonable calculated anthropogenic 
background levels, and 2) some combination of active sediment remediation and 
monitored natural recovery based on LDW sediment transport modeling will be 
employed to address LDW sediment and water quality. Any ARARs, including the 
current MTCA rules referenced in this paragraph and Aquatic Water Quality Criteria (A 
WQC) based on risks to human seafood consumers, which prove impracticable to 
meet could be formally waived pursuant to Section 121 (d)( 4) of CERCLA. Further, fish 
advisories, as robust and protective as we can design them, could be relied upon for 
any delta between protective RBCs for the seafood consumption pathway and the 
equilibrium levels we are able to achieve to complete remedial action, subject to 
CERCLA-mandated five-year reviews for hazardous substances left on-site above 
protective levels (RBCs). impracticable to meet could be formally waived pursuant to 
Section 121 (d)( 4) of CERCLA. Further, fish advisories, as robust and protective as we 
can design them, could be relied upon for any delta between protective RBCs for the 
seafood consumption pathway and the equilibrium levels we are able to achieve to 
complete remedial action, subject to CERCLA-mandated five-year reviews for 
hazardous substances left on-site above protective levels (RBCs). 

EMJ and Jorgensen Forge’s Response: 
EPA’s text has been quoted in Section 1.3. 
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4. It is not apparent from the summary of environmental data that adequate characterization has 
been completed. The figures show several areas where PCB concentrations greater than the SQS are 
unbounded horizontally or at depth relative to the EAA's western boundary. The EE/CA must be 
revised to include a clear discussion of the horizontal and vertical extent of contamination, and must 
present a compelling argument that sufficient information is available to evaluate appropriate 
remedial alternatives. 

EMJ and Jorgensen Forge’s Response: 
As discussed with EPA during development of the Draft EE/CA and subsequently during the 
technical meetings held on May 26 and July 21, 2010, there is sufficient environmental data 
available to identify a range of removal action alternatives that are protective of human 
health and the environment within the 1.5-foot vertical point of compliance.  EPA’s 
September 6, 2005, letter agrees with this data sufficiency by directly stating that the 
sampling performed by Jorgensen Forge/EMJ and other parties “gives adequate surface and 
subsurface sampling coverage from the Boeing Plant 2/Jorgensen Forge property boundary to 
the southern boundary of the Jorgensen Forge facility, and from the toe of the riprap slope to 
the Federal navigation channel”. Each of the removal action alternatives presented to EPA 
during the July 21 meeting (and deemed by EPA to be adequately protective for inclusion in 
the Second Draft EE/CA) conservatively designates all clean material placed following 
dredging as cap material (versus backfill material) in areas where the full vertical extents of 
total PCB RvAL exceedances is unknown.  The cap materials will be designed to provide 
adequate containment of sediments that may contain total PCB RvAL exceedances below the 
removal elevation and all cap areas will include long-term monitoring to monitor the 
achievement of the removal action objectives (RAOs) over time.  Following EPA-approval of 
the removal action alternative, design evaluations may be conducted by EMJ/Jorgensen Forge 
to facilitate refinement of the design for the selected alternative and adjustments may be 
made to the capping versus backfill designations based on this refinement.  

Additional information regarding the horizontal and vertical extent of chemical 
concentrations and the development of the RAB and removal action alternatives based on 
this data is presented in Sections 2.5.1, 4.2.2, 6.2, 6.3, and 6.4.  
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5.  The draft EE/CA must be revised to include all property within the Cleanup Boundary established 
by the MOU and agreed to by EMJ and Jorgensen (shown on Figure 1 of the MOU). The MOU states: 

"For the purposes of this MOU, the shoreline bank is defined as the material residing 
above the toe of the slope. The Parties shall each properly handle, dispose, and 
replace any shoreline bank materials at the sediment-bank interface incidentally 
affected by their respective sediment remedies. The parties shall coordinate detailed 
features and requirements (e.g. slope stability and dredge depths) at the sediment 
and shoreline bank interfaces)." 

EPA does not interpret this language to mean that cleanup of Jorgensen's shoreline bank is 
automatically Boeing's responsibility because it is located landward of sediments which must be 
remediated by Boeing. The EE/CA must be revised to include all of Jorgensen's shoreline bank. 
EMJ/Jorgensen's cleanup proposals for the northern section of the shoreline bank must be 
coordinated with Boeing, but remediation of this section of contaminated shoreline is required on its 
own merits and must be given precedence over the secondary issues of coordination. 

EMJ and Jorgensen Forge’s Response: 
The RAB is defined based on existing in-water and shoreline bank media quality data.  Total 
PCB RvAL exceedances have been identified in the shoreline bank area above the toe of 
riprap cleanup boundary defined in the MOU. For this reason, this portion of the shoreline 
bank has been included in the RAB in the Second Draft EE/CA and designated as Sediment 
Management Unit-11 (SMU-11).  The specific remedy for SMU-11 cannot be fully 
determined until the Boeing DSOA cleanup alternatives identify the remedy for the 
sediments located just channelward of the toe of riprap because removal of these sediments 
may incidentally affect sediments/soils within SMU-11.  In the absence of this information, 
the Second Draft EE/CA removal action alternatives assumed that SMU-11 will include 4 feet 
of removal followed by placement of slope cap, consistent with the remedy proposed for the 
other shoreline SMUs in the RAB.  

The assumed remedy for SMU-11 will be modified as necessary during the design process to 
reflect the appropriate integration with the selected Boeing DSOA remedy. The SMU-11 
design will also be modified as necessary to integrate any future cleanup activities that will 
likely occur as part of the removal action of the Boeing 15-inch and 24-inch property line 
storm pipes that combine and collectively discharge through the SMU-11 bank. This work is 
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anticipated to be conducted concurrently with the Boeing DSOA and the RAB cleanup 
actions and include the removal to of bank material and the associated discharge structure 
(assumed to collectively discharge as a single corrugated pipe) within SMU-11. 

6.  The draft EE/CA includes very little substantive justification for decisions to include or exclude 
potential removal alternatives. The EE/CA must be revised to present much more detailed 
information justifying why potentially viable alternatives were included or excluded. For example, 
there is no substantive justification for not dredging contaminated sediments along the sheetpile wall. 
If there are stability issues, state them and their effect on the alternatives. What limitations do they 
pose on the location and depth to which dredging can occur? 

EMJ and Jorgensen Forge’s Response:
 
Additional information regarding the justification for the actions taken within the various
 
SMUs, including the limited information regarding the design and/or as-built conditions of 

the sheetpile and concrete panel walls, is provided in Sections 4.2.3 and 4.2.4.  


7. The EE/CA must be revised to look more broadly at removal alternatives. The goal of this document 
is to provide a credible evaluation of several different viable alternatives and their associated costs 
which will allow reasoned selection of the best one in light of CERCLA's response action selection 
criteria. Given the magnitude and extent of contamination in this EAA, it is unlikely that EPA will 
select a remedy that does not involve extensive dredging. In its current form, the draft EE/CA only 
includes two highly-similar options, neither of which proposes to remove all contamination. The 
revised EE/CA should include at least the following four alternatives: no action, draft Alternative #2 
[mixed dredging and/or cap/backfill and enhanced natural recovery (ENR)], fixed-depth dredging, and 
variable-depth dredging. Dredging alternatives should propose removing as much contaminated 
sediment as can practicably be removed. Ultimately, as stated in previous correspondence, 
EMJ/Jorgensen must remove all sediments contaminated with PCBs above 12 ppm OC or propose 
controls that ensure that contaminants left at depth do not migrate. Further, EMJ/Jorgensen must 
remove all contaminated sediments to a minimum depth of 45 centimeters (cm) to meet the 
SQS/RvAL. As at the T-117 and Boeing Plant 2 EAAs, the goal is to achieve the SQS/RvAL upon 
completion of the NTCRA. 
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EMJ and Jorgensen Forge’s Response: 
As discussed in the introduction to this letter, the Second Draft EE/CA includes three 
removal action alternatives (and the No Action alterative) that were presented to EPA during 
a technical meeting on July 21, 2010.  EPA agreed that the three proposed alternatives were 
protective and sufficiently different to allow evaluation and comparison of the alternatives 
and selection of the most reasoned alternative per the EE/CA selection criteria.  Alternatives 
2, 3, and 4 include the placement of a minimum 1.5 feet of clean material throughout the 
entire RAB, which will achieve of the target media cleanup levels throughout the 1.5-foot 
vertical point of compliance. 

8. Use of the terms "habitat", "monitored natural attenuation" (MNA), "monitored natural recovery" 
(MNR), and "enhanced natural recovery" in the draft EE/CA are imprecise and confusing. In some 
cases it appears that the draft EE/CA is proposing to use MNA and/or habitat layers in areas where a 
cap would be required, such as by addition of gravel on top of contamination which exceeds the SQS 
without any dredging. It is also not clear what species the habitat is intended for, as the draft EE/CA 
proposes to use the same material throughout the Jorgensen EAA regardless of location (upland 
slopes as well as in-water). The EE/CA must be revised to clearly identify and justify each of the 
proposed remedies as well as all associated long-term maintenance and monitoring. 

EMJ and Jorgensen Forge’s Response:
 
The Second Draft EE/CA removed the use of these terms in the removal action alternatives 

presented in Section 6.
 

9. The draft EE/CA briefly discusses sediment transport work performed as part of the LDW Remedial 
Investigation. This work has concluded that the Jorgensen EAA includes areas of potential scour and 
sediment erosion. These conclusions must be considered and evaluated in the alternatives analysis 
and preliminary design work in the revised EE/CA. 

EMJ and Jorgensen Forge’s Response: 
Based on information presented in the Draft Feasibility Study: Lower Duwamish Waterway 
(AECOM 2009), the Second Draft EE/CA was revised to include more detailed information in 
Section 2.4.4 regarding the modeled erosional and depositional zones in the vicinity of the 
RAB.  This information was also graphically displayed through the addition of Figure 2-7.  

Privileged and Confidential
 
Attorney Work Product
 

Prepared at Request of Counsel
 



  
 
 
 

  
 

 

  
  

   
 
 

    
 

 
    

 

 
 

  
     

   
     

 
     

 
  

 
  

   
 

   
 

     
 

 
 
 
  

Christy Brown, EPA 
November 15, 2010 

Page 13 

During design of the EPA-approved removal action alternative, the appropriate cap and 
backfill material type will be selected based on this information and a more detailed 
assessment of sediment transport. 

10. The EE/CA must be revised to include an assessment of the residual risk anticipated after Removal 
Action implementation, as required by the First Amendment to the Administrative Order on Consent. 
The Streamlined Risk Evaluation included in the draft EE/CA addresses only potential risk from 
exposure to contaminated sediments within the Removal Action Boundary in the absence of a 
removal action. 

EMJ and Jorgensen’s Response: 
As discussed in the introduction to this letter, each of the proposed removal action 
alternatives include placement of a minimum 1.5 feet of clean material throughout the RAB 
which will achieve of the target media cleanup levels throughout the 1.5-foot vertical point 
of compliance. Therefore, no residual risk will exist following completion of the removal 
action beyond the limited future risk of engineered cap failure.  Long-term monitoring of all 
capping areas will be conducted to document the RAOs continue to be achieved over time. 

All necessary upland source controls at the Jorgensen Forge Facility will be documented and 
implemented through the ongoing Washington State Department of Ecology source control 
process prior to initiation of the removal action to eliminate the potential for 
recontamination of the RAB from future operations at the Facility. Following completion of 
the removal action alternative, long-term chemical concentrations within the RAB are 
anticipated to be affected by sediment transport and deposition from other areas in the LDW. 
As identified in EPA’s General Comment 3, the sediment concentrations resulting from this 
sediment-to-sediment pathway are anticipated to “reach equilibrium based on this lateral 
and upstream loading at levels which will exceed both natural and any reasonable calculated 
anthropogenic background levels”. 
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11. The EE/CA must be revised to assess the costs associated with each alternative over a period of 30 
years. The cost analysis must be sufficiently transparent to allow reviewers to readily compare costs 
between alternatives and between neighboring projects. 

EMJ and Jorgensen Forge’s Response: 
The costs presented in the Terminal 117 Early Action Area Revised Engineering 
Evaluation/Cost Analysis (Windward et al. 2010; Terminal 117 is located directly across the 
LDW from the RAB) were determined based on a 10-year duration, so it is unclear how the 
use of the requested 30-year duration will allow comparison of costs with that project. To 
maintain consistency across these projects, the cost assessment was maintained for a 10 year 
duration. 

12. The data presentation in the draft EE/CA is difficult to follow. Revise the Figures so that 
comparable figures are drawn to the same scale (e.g., Figures 5-1, 2-8 and 2-9). Add the sediment 
management area (SMA) boundaries to all figures presenting data, and present cross sections for each 
SMA. 

EMJ and Jorgensen Forge’s Response:
 
The figures have been modified to address this comment.
 

13. It is EPA policy to enhance the environmental benefits of federal cleanup programs by promoting 
technologies and practices that are sustainable. Expectations for green cleanup and the policy itself 
are posted at: http://yosemite.epa. gov/R10/extaff.nsf/programs/greencleanups. 

The remedial alternatives should be revised to incorporate green remediation technologies. EPA 
intends to measure cost differentials and environmental benefits associated with implementing this 
policy. The EE/CA should also be revised to include green remediation factors for each alternative, 
including such factors as reporting and tracking specific quantities of materials reduced, reused, or 
recycled; carbon or greenhouse gas reductions; and water conserved or replenished. Use of these and 
other green remediation technologies are the "point of departure" for cleanups, and will be standard 
unless a site-specific evaluation demonstrates impracticability or favors an alternative green 
approach. This policy does not fundamentally change how and why cleanup decisions are made, but 
calls for more sustainable methods of implementing cleanups. A comprehensive set of greener 
approaches to site cleanup may be found at www.clu-in.orglgreenremediation and 
www.epa.gov/region09/ cleanup-clean-air. Please note that this policy is not intended to trade off 
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environmental protectiveness for other benefits such as fewer carbon emissions. The EE/CA should 
include an analysis of how efficiently each alternative can be implemented or how "green" it can be. 

EMJ and Jorgensen Forge’s Response: 
The Region 10 Clean and Green Policy was issued on August 13, 2009, approximately 5 
months after the Draft EE/CA was submitted.  The revised Second Draft EE/CA discusses the 
consideration and use of green remediation technologies in Section 5 and provides a 
preliminary screening of these technologies for Alternative 2, 3, and 4 in Section 7.1.1. 

Privileged and Confidential
 
Attorney Work Product
 

Prepared at Request of Counsel
 



  
 
 
 

  
 

 

 
     

 
    

   

 
   

 
 
 

   
  

  
    

  
 

 
   

 
 
 

    
    
     

      

 
  

 
 
 

  
  

 

 
   

  

Christy Brown, EPA 
November 15, 2010 

Page 16 

SPECIFIC COMMENTS 
1. Executive Summary, page 1, second paragraph. As written, the second sentence could be construed 
to exclude the possibility of removal of all contaminated sediments in a "removal action." Remove 
this sentence entirely or revise it as follows: "As defined in CERCLA, the term "removal action" 
denotes cleanup or removal (US EPA 1993) and may include technologies such as capping ...." 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
 

2. Executive Summary, page 1, second paragraph. The fourth sentence of this paragraph states that 
the removal action alternative will be selected by EMJ and Jorgensen Forge, in consultation with EPA 
and the Washington State Department of Ecology (Ecology). Revise this sentence as follows: 
"Following public review and comment of this EE/CA, USEP A will select the removal action alternative 
for cleanup of the sediments and associated shoreline bank soils within the RAB in an Action 
Memorandum in accordance with CERCLA." 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
 

3. Executive Summary, page 2, first full paragraph. The second sentence contains an error, as "target 
cleanup media levels" are not "promulgated" rulemakings and this term is not used in the CERCLA 
process. Revise the EE/CA to state that this removal will be based on meeting RvALs at the completion 
of the work. See General Comment 7 above, and Specific Comment 4, below. 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
 

4. Executive Summary, page 2, first full paragraph. Add a new last sentence to this paragraph as 
follows: "At a minimum, all sediments and soils which contain PCBs exceeding the Washington State 
Sediment Quality Standard (SQS) will be removed or capped." 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
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5. Executive Summary, page 2, second paragraph. The last bullet item indicates that implementation 
of the selected removal action is dependent on execution of a legal agreement that is acceptable to all 
parties. Since EPA may issue a unilateral order if agreement among the parties cannot be reached, 
revise this bullet item as follows: "Issuance of an Administrative Order, preferably on Consent, for 
implementation of the non-time critical removal action selected in the Action Memorandum." 

EMJ and Jorgensen Forge’s Response:
 
Section 8.1 has been revised to reflect this comment.
 

6. Executive Summary, Removal Action Boundary Description, page 3. This section defines the 
Removal Action Boundary (RAB) as a geographically defined boundary (top of bank to navigation 
channel). Page 10 of the draft EE/CA, however, states that the RAB is defined by the area where 
sediment chemical concentrations exceed the SQS. Revise the EE/CA to consistently define the RAB as 
set forth in the MOU. 

EMJ and Jorgensen Forge’s Response:
 
Section 4.2.2 has been revised to clarify the RAB boundaries and maintain consistency with
 

the MOU.
 

7. Executive Summary, Removal Action Boundary Description, page 3. Delete the last sentence of the 
first paragraph of this section, which states "There are no existing aquatic land uses within the RAB 
and access is limited from the water side." This statement is not relevant to defining the removal 
action boundary. 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
 

8. Executive Summary, Identification of Removal Action Goals, Objective, and Scope, page 4. The 
following Removal Action Objectives (RAOs) currently required by EPA for the Lower Duwamish 
Waterway Superfund site shall also be used for this removal project. Revise this section to include the 
following RAOs: 

•	 RAO 1 -Human Health -seafood consumption. Reduce human health risks associated with the 
consumption of resident LDW seafood by reducing sediment and surface water concentrations 
of COCs to protective levels. 
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•	 RAO 2 -Human Health -direct contact. Reduce human health risks associated with exposure to 
COCs through direct contact with sediments and incidental sediment ingestion by reducing 
sediment concentrations of COCs to protective levels. 

•	 RAO 3 -Ecological Health -benthic. Reduce risks [could use toxicity instead of risks] to benthic 
invertebrates by reducing sediment concentrations of COCs to comply with the Washington 
State SMS. 

•	 RAO 4 -Ecological Health -seafood consumption. Reduce risks to crabs, fish, birds, and 
mammals from exposure to COCs by reducing concentrations of COCs in sediment and surface 
water to protective levels. 

EMJ and Jorgensen Forge’s Response:
 
Section 4.1 has been revised to include these RAOs.
 

9. Executive Summary, Identification of Removal Action Technologies and Alternatives, page 5. 
Alternative 1 includes proposed placement of in-water substrate to enhance natural recovery of low-
level surface sediment contaminants. This removal action must succeed in reducing contaminant 
concentrations in the upper 45 cm of sediments to levels protective of aquatic species and consumers 
of fish and shellfish. The EE/CA must evaluate how and when each remedial alternative will achieve 
the final cleanup levels, not just the SQS/R v ALs. See General Comments 3 and 7. 

EMJ and Jorgensen Forge’s Response: 
Following completion of the removal action alternative, the entire RAB will include a 
minimum 1.5 feet of clean material that will be protective of higher seafood consuming 
human populations, specifically Tribes but also Asian-Pacific Islanders.  Section 7.1.2 
evaluates the effectiveness of each alternative at achieving the RAOs.  Also see EMJ and 
Jorgensen Forge’s responses to General Comments 3 and 7. 

10. Executive Summary, Identification of Removal Action Technologies and Alternatives, page 5. The 
last two sentences of the second full paragraph indicate that "Complete Removal" was not evaluated 
in this EE/CA as it "was not considered technically feasible." Complete removal has not been shown to 
be infeasible; in fact, as PCB contamination in the Jorgensen RAB is relatively shallow, it is more 
feasible here than in most areas of the LDW. The EE/CA must be revised to evaluate the Complete 
Removal alternative, or provide a substantive justification for its exclusion. 
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EMJ and Jorgensen’s Response:
 
As presented to EPA and USACE during the technical briefing on July 21, 2010, Alternative
 

4 in the Second Draft EE/CA reflects the complete removal alternative.
 

11. Executive Summary, Identification of Removal Action Technologies and Alternatives, page 5. The 
last paragraph of this section indicates that the "No Action" alternative was not considered because it 
would not satisfy the RAO. EPA agrees, although it would be better to state that it would not meet the 
RvALs. This alternative must be carried through the evaluation in order to provide a transparent basis 
for comparisons. 

EMJ and Jorgensen Forge’s Response:
 
The No Action alternative has been carried through the evaluation process as Alternative 1.
 

12. Analysis and Recommended Removal Action Alternative, page 5. As noted in General Comment 
13, the alternatives should also be evaluated and compared based on green remediation factors. 

EMJ and Jorgensen Forge’s Response:
 
See EMJ and Jorgensen Forge’s response to General Comment 13.
 

13. Introduction, page 8. See Specific Comment 5 to address language in the last bullet indicating that 
implementation of the selected removal action is dependent on execution of a legal agreement that is 
acceptable to all parties. 

EMJ and Jorgensen Forge’s Response:
 
See EMJ and Jorgensen Forge’s response to Specific Comment 5.
 

14. Introduction, page 9, second paragraph. See Specific Comment 1 to address language in this 
paragraph that could be construed to exclude the possibility of removal of all contaminated sediments 
in a removal action. 

EMJ and Jorgensen Forge’s Response:
 
See EMJ and Jorgensen Forge’s response to Specific Comment 1.
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15. Section 2.1, RAB Description, page 12, last paragraph. The last sentence on this page states that 
there are no aquatic land uses along the RAB shoreline. Delete this sentence and revise this section to 
include the following statements: The Muckleshoot Indian Tribe and Suquamish Tribe are both 
federally-recognized Tribes that are Natural Resource Trustees in the Duwamish River. As Natural 
Resource Trustees, their resources are impacted by degradation within the Lower Duwamish 
Waterway study area. The Muckleshoot Indian Tribe currently conducts seasonal netfishing 
operations in the LDW. The Suquamish Tribe actively manages resources up to the Spokane Street 
Bridge. Tribal fishers may be exposed to contamination in the sediment. The LDW is also used as a 
recreational resource for boating and fishing. Recreational activities on the LDW are increasing in no 
small part due to the attention associated with the cleanup efforts underway and planned. With the 
change in some shoreline and adjacent areas, the recreational uses can be anticipated to increase 
further. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.2.6 has been revised to reflect this comment.  The sentence regarding ”no aquatic
 

land uses” was meant to describe Washington State Department of Natural Resources
 
permitted aquatic land uses.  This sentence has been revised to clarify this reference.
 

16. Section 2.2, Facility History and Development, page 14. Revise the first complete sentence on this 
page as follows: "No information was gathered regarding the source of fill." This sentence is being 
modified to delete speculation regarding the source of fill materials. 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
 

17. Section 2.3.4, Navigation, page 17. See Specific Comment 15 to address language in the last 
sentence on this page stating that there are no aquatic land uses within the Jorgensen EAA or the 
upstream Boeing-Isaacson property. 

EMJ and Jorgensen Forge’s Response:
 
This paragraph has been revised to be consistent with EMJ and Jorgensen Forge’s response to
 

Specific Comment 15.
 

Privileged and Confidential
 
Attorney Work Product
 

Prepared at Request of Counsel
 



  
 
 
 

  
 

 

     
  

   
    

  
  

 

 
 

   
   

  
 
 

     
  

       
     

  

 
   

  
   

 
  

 
 

      
  

   
     

  

 
   

  

Christy Brown, EPA 
November 15, 2010 

Page 21 

18. Section 2.4.9, Sediment Transport and Deposition, page 26. The discussion of the hydrodynamic 
model (that there was greater potential erosion near the navigation channel and less near the 
shoreline) is at some variance with Figures 5-4 and F-25 of the LDW Draft FS. As shown in Figure 5-4, 
the area is mixed erosive and depositional, but in the opposite pattern. The square on the figure is the 
radioisotope core displayed in Figure F-25. This section of the EE/CA must be revised to reconcile this 
inconsistency, and to evaluate whether the erosive area overlays the proposed cap and/or proposed 
habitat layer. 

EMJ and Jorgensen Forge’s Response:
 
See EMJ and Jorgensen Forge’s response to General Comment 9.  Section 5.3.1.2 was revised
 

to reflect the modeled erosional and depositional areas within the RAB and how these 

modeled results affect engineered capping evaluations within the various SMUs.
 

19. Section 2.4.9, Sediment Transport and Deposition, page 26. The last paragraph of this section 
states that the approximate upper bound estimates of average bed scour along the eastern bench 
adjacent to the RAB is 0.7 cm with an average range in bed scours of less than 1 to 2.9 cm. Clarify 
whether this average range is over the entire LDW, and the length of time over which this amount of 
scour is anticipated to occur. 

EMJ and Jorgensen Forge’s Response: 
Section 2.3.4 has been revised to reflect this comment.  These are bed scour ranges by a 
passing design vessel in the vicinity of the RAB.  The scour is the total scour predicted by a 
single passage of the vessel.  The range of bed scours is from the 12 different simulations that 
were run for this reach. 

20. Section 2.4.1 0, Summary of Dredging Activities, page 27. Delete the two sentences in the middle 
of the first paragraph regarding filling of the embayment in the central portion of the facility 
shoreline, beginning: "The USACE records show the embayment was filled between July 1945 and 
August 1946. No direct evidence was found regarding the fill design or source material .... " These 
sentences are not relevant to the summary of historical dredging activities offshore of the facility. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.3.10 has been revised to reflect this comment.
 

Privileged and Confidential
 
Attorney Work Product
 

Prepared at Request of Counsel
 



  
 
 
 

  
 

 

    
  
    

    
    

    
    

 
   

  
 

 
 

    
      

    
  

    
   

    
 

 
   

 
   

   
  
  

 
 

     
    

 
    

  
      

Christy Brown, EPA 
November 15, 2010 

Page 22 

21. Section 2.4.11.2, Biota, page 29. The last two sentences of the second paragraph are contradictory 
and confusing. These sentences indicate that benthic meiofauna would be expected in "the finer 
sand/mud substrates in the intertidal zone" within the RAB, and then goes on to state that much of 
the shallow water area adjacent to the RAB contains mostly riprap rock armoring. The last paragraph 
on page 30, however, states that shallow, sloping, relative soft mud beaches are present along the 
southern portion of the RAB. Reconcile whether the RAB includes areas of shallow water mudflats, 
and provide a figure which clearly indicates the different habitat types present within the RAB. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.3.12.2 has been modified to address this and Figure 2.8 was added to show the
 

habitat types within the RAB.
 

22. Section 2.4.11.4, Salmonids, page 30.  The latter part of the third paragraph indicates that the in-
water construction work window in the LDW extends from October 1 to February 15. The work 
windows are considerably more complex than stated in the draft EE/CA. Although it is understood 
that this action does not require a USACE permit under either Section 404(b)(1) of the Clean Water Act 
or the Rivers and Harbors Act 10, the work window conditions must be evaluated and all substantive 
conditions must be strictly followed. The discussion of in-water work windows must be substantially 
expanded in the draft EE/CA, and the ability to complete this action in a single work season must be 
evaluated. See 
http://www.nws.usace.army.mil/PublicMenulMenu.cfm?sitename=REG&pagename=work windows 
for full work window information from USACE. 

EMJ and Jorgensen’s Response:
 
The web site provided is no longer a valid site. Section 2.3.12.4 has been expanded to reflect
 
the potential for changes to the work window based on consultation with the National 

Marine Fisheries Services.
 

23. Section 2.4.11.4, Salmonids, page 31. Delete the fifth and sixth sentences of the first full 
paragraph, beginning "Limited data are available concerning the abundance of coastal cutthroat ...", 
and replace with a new sentence as follows:  "Coastal cutthroat are consistently found in the 
Duwamish/Green River basin but are not as abundant as Chinook, coho, chum, and steelhead." 
Include a citation to the May 2004 report from King County, Juvenile Chinook Migration, Growth and 
Habitat Use in the Lower Green River, Duwamish River and Nearshore of Elliott Bay 2001-2003. 
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Also delete the last sentence of this paragraph, beginning "Information and data on bull trout 
presence, abundance, and distribution ... is lacking ...", and replace with a new sentence as follows: 
"The Duwamish/Green Watershed is listed as critical habitat under the Endangered Species Act for 
bull trout." 

EMJ and Jorgensen Forge’s Response:
 
Section 2.3.12.4 has been modified to reflect this comment.
 

24. Section 2.5.1, Sediment Quality, page 34. The third sentence of the first full paragraph contains an 
error, as the "2LAET" value is not two times the lowest apparent effects threshold. Revise the third 
sentence of the first full paragraph as follows: " ... and compared to the dry-weight lowest apparent 
effects threshold (LAET) and the second lowest apparent effects threshold (2LAET) values .... " 

EMJ and Jorgensen Forge’s Response:
 
Section 2.4.1 has been revised to reflect this comment.
 

25. Section 2.5.1, Sediment Quality, page 34. The last sentence in the last paragraph on the page 
indicates that two subsurface depth intervals from a single station had detected SQS exceedences for 
arsenic (this is also stated at the top of page 37). However this is not consistent with information 
provided in Table 2-3. Reconcile the table/text for consistency and accuracy. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.4.1 and Table 2-3 have been revised to be consistent.
 

26. Section 2.5.1.2, Total Polychlorinated Biphenyls, page 35 and 36, and Figure 2-9. Revise the first 
sentence of the first paragraph to read, "A total of 86 subsurface sediment samples from 37 core 
locations were collected and sampled .... " Revise the third sentence of the first paragraph to read, 
"Of the 17 stations located just east of the federal navigation channel, approximately 9 have total PCB 
concentrations below or just above the SQS criterion." Revise the second to last sentence in this 
section to read, "Stations further downstream within the RAB showed heterogeneous PCB 
concentrations at depth with unbounded SQS and CSL exceedances documented down to 4 feet below 
the current mudline." 
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EMJ and Jorgensen Forge’s Response:
 
Section 2.4.1.2 has been revised to reflect the correct data density collected within the RAB.
 

27. Section 2.5.1.2, Total Polychlorinated Biphenyls, page 35 and 36, and Figure 2-9. The last sentence 
of this section' states that, for purposes of this EE/CA, the most recent sampling stations were 
considered more representative of existing sediment quality conditions during evaluation of the 
remedial alternatives. These data need to be presented more clearly, as it is not obvious which 
sample location(s) are being preferentially considered and which are considered "less representative" 
of current conditions. Note that the general protocol for LDW sampling is that if a sampling station is 
located within 10 feet of the previous sample, it can be considered "co-located." Data obtained from 
sampling locations which are greater than 10 feet apart must be retained and considered separately. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.4.1 was revised to reflect which subsurface stations are co-located, based on this 

comment.
 

28. Section 2.5.1.4, Other Chemical Compounds, page 37, Figure 2-13, and Table 2-5. This section 
indicates that the "majority" of the 14 surface sediment stations sampled for semivolatile organic 
compounds (SVOCs) were below the SQS criteria. Figure 2-13 is confusing, as it depicts 18 (rather than 
14) sample locations within the RAB. Reconcile this discrepancy. 

This section also states that SVOC data is shown on Table 2-5, and discusses a number of analytes 
detected above the SQS criteria. The following constituents are discussed but not included in Table 2-
5: benzo(a)anthracene, bis(2-ethylhexyl)phthalate, chrysene, fluoranthene, phenanthrene, total 
benzofluoranthenes, total LPAHs, and total HP AHs. Revise Table 2-5 to include all SVOC analysis. 

Finally, revise this section to discuss sub-surface samples analyzed for SVOCs, or state that sub-surface 
samples were not analyzed for other constituents if this is the case. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.4.1.4 and Table 2-5 have been revised to maintain consistency.
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29. Section 2.5.2, Shoreline Debris Pile, page 37. The total PCB concentrations given in the fourth 
sentence of this section are different than those provided in Table 2-4 (0.234 ppm dry weight for the 
north debris pile and 0.206 ppm dry weight for the south debris pile). The discrepancy appears to be 
the result of an error in converting the units between the table (ug/kg dry) and the text (mg/kg dry). 
Correct this discrepancy and revise the subsequent text in this paragraph to reflect these revisions. 

EMJ and Jorgensen Forge’s Response:
 
The concentrations were corrected in the text in Section 2.4.2.
 

30. Section 2.5.3, Shoreline Bank-Face Fill, page 38. The total PCB concentrations given for the fill 
samples are not consistent with those provided in Table 2-4. Again, the discrepancy appears to be the 
result of an error in converting the units between the table (ug/kg dry) and the text (mg/kg dry). 
Revise the text (and particularly the discussion of the data relative to the LAET and 2LAET) to resolve 
this discrepancy. 

EMJ and Jorgensen Forge’s Response:
 
The concentrations were corrected in the text in Section 2.4.3.
 

31. Section 2.5.4, Sediment Seep Water, page 39, and Table 2-6. The first full paragraph on this page 
indicates that the analytical results from sampling station LDW-SP-20 are summarized with the upland 
groundwater results on Table 2-6. Table 2-6 does not include these analytical results. Revise Table 2-6 
to include all analytical results from seep monitoring. 

EMJ and Jorgensen Forge’s Response:
 
The seep monitoring concentrations are presented in Table 2-6.
 

32. Section 2.5.4, Sediment Seep Water, page 39. The last sentence of this section states that the lack 
of screening level exceedances indicates that groundwater flux was not a source of contamination to 
sediments and/or pore water. The text of this section, however, does not discuss analytical results for 
PCBs. This conclusion must be revised to include a discussion of PCB data, or revised to clearly state 
that the data indicates groundwater flux was not a source of the constituents for which analysis was 
performed. 
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EMJ and Jorgensen Forge’s Response:
 
The text was revised to state: “In summary, there were no detections of SVOCs, VOCs,
 
organo-chlorine pesticides, PCBs, TOC, and DOC above the laboratory reporting limits.”
 

33. Section 2.5.5, Sediment Porewater, page 39. Revise the draft EE/CA to include a table and figure 
presenting the data obtained from the porewater sampling. 

EMJ and Jorgensen Forge’s Response:
 
The text was revised to summarize the four VOCs detected in the porewater samples, and
 

Figure 2-17 depicts the porewater sampling locations.
 

34. Section 2.5.6.1, Soil, page 40. The second paragraph indicates that investigations have only 
detected PCBs in soil on the western portion of the facility. Examination of Table 2-7 and Figure 5 
show that this statement is incorrect. PCBs have been detected at depth in borings SB-2 and SB-4 
located on the eastern side of the facility. Revise the EE/CA to fully and correctly identify the location, 
extent, and possible sources of PCB contamination. 

EMJ and Jorgensen Forge’s Response: 
Previous investigations have only detected PCBs in soil on the western portion of the 
Facility.  Unfortunately, station identifiers for SB-2 and SB-4 were used for borings on both 
the east and west side of the Facility.  PCBs were only identified at the stations located along 
the shoreline bank. 

35. Section 2.5.6.1, Soil, page 40. The second paragraph of this section states that the fill material 
placed at the facility between 1945 and 1946 is the suspected source of PCBs, and that the source of 
fill "may have been" historical hydraulic dredging conducted in the LDW. This statement is 
unsupported and must be deleted. 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
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36. Section 2.5.6.2, Catch Basin Solids, page 40, and Figure 2-5. Add CB-4 to Figure 2.5. Revise the 
discussion to note that CB-3 is located outside of the historic embayment area. The source of PCBs in 
CB-3 may be relevant to the source control discussion. 

EMJ and Jorgensen Forge’s Response:
 
CB-4 is shown on Figure 2-6.  It is located in Area 2 among a number of other sampling 

stations.  The text has been revised to identify the locations of the four catch basins.
 

37. Section 2.5.6.3, Groundwater Quality, page 41. Delete the statement indicating that the June 2003 
detection ofPCBs in groundwater is "likely a false detection." This is a very limited data set, 
groundwater samples for monitoring well MW-6 have not been obtained and analyzed since the 
sampling event where PCBs were detected, and PCBs are not typically , detected where they are not 
present. 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to reflect this comment.
 

38. Section 2.5.6.4, Facility Stormwater Outfall Discharges, page 41, and Table 2-8. Revise Table 2-8 to 
include all stormwater outfall samples collected, not just those from the May 2005 sampling event. 
Revise the last sentence of the discussion to clarify whether PCBs have ever been detected in the 
stormwater outfalls, and discuss the results if PCBs have been detected in monitoring events other 
than the May 2005 sampling event. 

EMJ and Jorgensen Forge’s Response:
 
The text has been revised to state: “Samples were only analyzed for PCBs from Outfalls 002
 

and 003 during the May 9, 2005, sampling event, and no detections were identified (Table 2-
9).”
 

39. Section 2.6.2, Potential Ongoing Sources to Sediments Adjacent to the RAB, pages 46 through 49. 
This section should be significantly shortened. The EE/CA should note the existence of potential 
ongoing sources to sediments, but the level of detail provided should be based on the sources' impact 
on the evaluation of potential remedies. In this case, as construction of the sediment remedy is not 
anticipated to begin before control of the upland sources is, achieved, these sections are not relevant 
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to the EE/CA. The EE/CA must be revised to delete the last sentence of the first paragraph on page 48 
(beginning "The identified distribution of PCB concentrations within the 12-inch line provides 
evidence that ...). The source of PCBs found in the 12-and 24-inch property line outfalls has not been 
proven and is not relevant to this EE/CA. 

EMJ and Jorgensen Forge’s Response:
 
Section 2.6 was revised to reflect this comment.
 

40. Section 2.6.3, Criteria/or Evaluating Effectiveness of Implemented Source Control, page 50. Delete 
this section. Criteria for evaluating effectiveness of source control are not relevant to the EE/CA's 
evaluation of potential remedies. 

EMJ and Jorgensen Forge’s Response: 
This section was deleted. 

41. Section 2.7, Streamlined Risk Evaluation, page 51. See Specific Comment 3 to address language in 
the second sentence on this page stating that the LDW risk assessment and FS process is expected to 
include promulgation of target cleanup media levels. 

EMJ and Jorgensen Forge’s Response: 
See EMJ and Jorgensen Forge’s response to Specific Comment 3.  Section 3 was revised to 
state: “The LDW risk assessments and FS process is resulting in the development of target 
media cleanup levels protective of a broad range of exposure scenarios, including human 
consumption of seafood harvested from the LDW as identified in the EPA comments on the 
Draft EE/CA (EPA 20010a), discussed in Section 1.” 

42. Section 2.7, Streamlined Risk Evaluation, pages 51, 53, and References. The citation to USEP A 
1997 is incorrect. This is a Department of Energy citation 
(http://homer.oml.gov/nuclearsafety/env/guidance/cercla/critic.pdf). There may be a missing 
reference for ecological risk. More recent and relevant EPA guidance includes USEPA's (2005) 
Contaminated Sediment Remediation Guidance for Hazardous Waste Sites, which includes guidance 
about balancing risks that can assist with subsequent decisions regarding technology choices 
(http://www.epa.gov/superfund.healthlconmedialsediment/ guidance.htm). 
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EMJ and Jorgensen Forge’s Response:
 
Section 3 has been revised to correctly define the 1997 document as a Department of Energy
 

document.
 

43. Section 2.7.2.2, Human Health Risk, page 58. The second-to-last sentence of the first paragraph on 
this page contains a typographical error: "As discussed in the baseline HHRA ... arsenic the direct 
contact RBTC ..... " Correct this sentence. 

EMJ and Jorgensen Forge’s Response:
 
Section 3.1.2.2.1 was revised to reflect this comment.
 

44. Section 3.1, Removal Action Goals, page 59. Incorporate new language found in Specific Comment 
8 regarding RAOs for the Lower Duwamish Waterway Superfund site which shall also be used for this 
removal project. 

EMJ and Jorgensen Forge’s Response:
 
Section 4.1 has been revised to reflect this comment.
 

45. Section 3.1, Removal Action Goals, page 59. While EPA has not selected a final PCB sediment 
cleanup level for the LDW Site, the SQS is the RvAL sediment removal/capping criteria consistent with 
the other LDW EAAs. See General Comment 2 above and revise the draft EE/CA accordingly. 

EMJ and Jorgensen Forge’s Response:
 
See EMJ and Jorgensen Forge’s response to General Comment 2.
 

46. Section 3.2.2, Removal Action Boundary, page 61. Revise the first paragraph to include a note that 
arsenic in sample AJF-07 was not bounded with depth, and was 4.5 times higher than the SQS at the 
deepest sample location. 

EMJ and Jorgensen Forge’s Response:
 
Section 4.2.2 was revised to reflect this comment.
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47. Section 3.2.2, Removal Action Boundary, page 61. The fourth bullet in the second paragraph on 
this page must be deleted, as it implies that the U.S. Army Corps of Engineers (USACE) maintenance of 
the navigation channel to the west of Jorgensen somehow has bearing on the determination of the 
RAB. While USACE's dredging activities will influence the depth and design of dredging/capping at 
Jorgensen, they will not influence the location of the RAB. 

EMJ and Jorgensen Forge’s Response:
 
Section 4.2.2 has been revised to reflect this comment.
 

48. Section 3.2.2, Removal Action Boundary, page 61. The last paragraph includes a discussion of the 
sediment management units (SMUs) which is not entirely accurate. This paragraph indicates that SMU 
-1, among others, was identified based on low SQS PCB exceedances in the top several feet. SMU1, 
however, includes two samples which exceed two times the Washington State Cleanup Screening 
Level for PCBs (2xCSL) (see Figures 2-8 and 2-9). These samples also contained SVOCs which exceed 
the SQS. This discussion must be revised to clearly state the nature and extent of all contaminants 
(PCBs, metals, and SVOCs) identified in each SMU. 

EMJ and Jorgensen Forge’s Response:
 
Section 4.2.2 and 4.2.3 has been revised to reflect this comment.
 

49. Section 3.2.2, Removal Action Boundary, page 62. The end of the first line contains this document's 
first use of the abbreviation "ENR." Also note that later in the document, the abbreviation "MNR" is 
used. Revise both the text and the definition section of the EE/CA to provide clear definitions of what 
is meant by enhanced natural recovery and monitored natural recovery. 

EMJ and Jorgensen Forge’s Response:
 
This terminology has been removed from Section 4.2.2.
 

50. Section 3.2.3.2, Specific Removal Action Area Elements, page 64. The last bullet on this page states 
that "any potential dredging of sediments adjacent to [the sheetpile and concrete panel walls] may 
impact the structural stability and would therefore require a structural evaluation. The proposed 
cleanup alternatives do not include dredging adjacent to these structures and therefore will not 
adversely impact the structural stability." The alternatives evaluation in the revised EE/CA must 
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include dredging in these areas. Any proposal which is predicated on avoiding these fixed structures 
must be supported by a detailed engineering evaluation of these areas. 

EMJ and Jorgensen Forge’s Response:
 
Additional information was included in Section 4.2.4.2 and the identification of removal
 
action alternatives in Section 6.2, 6.3, and 6.4 to reflect this comment.
 

51. Section 3.3, Determination of Removal Action Schedule, page 66. The third bullet indicates that the 
in-water construction work window in the LDW extends from October 1 to February 15. The work 
windows are considerably more complex than stated in the draft EE/CA. This bullet must be revised in 
accordance with Specific Comment 22 above. 

EMJ and Jorgensen Forge’s Response: 
This bullet also includes text that states: “The specific dates of these closures will be 
identified in consultation with National Oceanic and Atmospheric Administration (NOAA) 
Fisheries and U.S. Fish and Wildlife Service (USFWS).”   Current publications from USACE 
(http://www.nws.usace.army.mil/PublicMenu/documents/REG/All_freshwaters_except_NPs, 
_CR,_SR_&_Lakes__2010-03-09_.pdf) state that current fish window for this site would be 
October 1 to February 15.  EMJ and Jorgensen Forge recognize the complexity involved in 
setting work windows and that these work windows may change or be amended in the 
future based on new information. The bullet sufficiently acknowledges this; however, 
additional text was added to explicitly state that these dates could changed based on 
consultation with the National Marine Fisheries Services. 

52. Section 3.3, Determination of Removal Action Schedule, page 66. See Specific Comment 5 to 
address language in the last bullet which indicates that implementation of the selected removal 
action is dependent on execution of a legal agreement that is acceptable to all parties. 

EMJ and Jorgensen Forge’s Response:
 
Section 8.1 has been revised to reflect this comment.
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53. Section 3.4, Applicable or Relevant or Appropriate Requirements, page 66, and Table 6-1. Replace 
Table 6-1 with the attached Table of applicable or relevant and appropriate requirements (ARARs) for 
the LDW Site, and revise this section consistent with this Table negotiated by the Lower Duwamish 
Waterway Group (LDWG) with EPA and Ecology. Note the last page of the Table contains laws that will 
be implicated by the NTCRA but are not ARARs. Whether federal and state laws are ARARs or not, 
they must be complied with. ARAR status gives EPA the authority to decide if laws are met by 
response activities instead of the regulator agency who normally administers the ARAR. For example, 
the Endangered Species Act (ESA) is not an ARAR (it is an animal welfare law for listed species). The 
purpose of Section 7 of ESA is to ensure that action agencies (like EPA) consult with and gain the 
expertise of species listing agency(s) (the National Marine Fisheries Service and the Fish and Wildlife 
Service). Another ESA function drawing on species-listing-agency expertise is the production of 
Biological Opinions (BOs) with respect to response activities. If ESA were an ARAR, EPA would not 
need to consult and would write its own BOs, which would fundamentally defeat the purpose of ESA 
(the benefit of species-listing-agency expertise). The National Historic Preservation Act (NHPA) and 
other laws on this portion of the Table are not ARARs for similar reasons; they are not environmental 
laws except in a broad sense of the term "environmental." Note also that Clean Water Act Sections 
401 and 404(b)(1) were not listed in your table, but Section 6.1.3.2 calls them out as substantive 
requirements. In addition, Clean Air Act provisions may be ARARs for some of the construction 
activities. 

EMJ and Jorgensen Forge’s Response:
 
Table 7-1 was revised to reflect this comment.
 

54. Section 4, Identification and Evaluation of Removal Action Technologies, page 68. The sixth bullet 
indicates that in-situ treatment technologies were evaluated in this draft EE/CA. This section does not 
include any discussion of this evaluation. Revise the draft EE/CA to include an appropriate discussion, 
or delete this bullet. 

EMJ and Jorgensen Forge’s Response: 
This bullet was deleted in Section 5. 

55. Section 4.3.1, Capping -Description and Applicability, page 72. ENR is not a type of "conventional 
sand cap." Revise the first sentence of the second paragraph to read, "There are two types of 
remediation involving placement of clean sand that are applicable to the removal action, as discussed 
below: ..." Revise the bullet describing ENR to remove language identifying it as a type of cap and 
include language describing the monitoring required to assure that remedial goals are met. Also revise 
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the fourth sentence in this bullet and delete the fifth sentence, so that the end of the paragraph reads 
as follows: "Materials added comingle with the surface sediments resulting in reduced 
concentrations; over time, additional materials may also accumulate." 

EMJ and Jorgensen Forge’s Response:
 
Section 5.3.1 has been revised to reflect this comment.
 

56. Section 4.3.1, Capping -Description and Applicability, page 73. As discussed in General Comment 6, 
the section on applicability of various remedial approaches to different areas in the RAB needs 
substantial restructuring and explanation. More than simply indicating that ENR or capping are 
"applicable" to any given SMU, this section must provide justification and discussion of why that is the 
case. Dredging or genuine capping separating contamination from potential receptors is preferred 
over ENR because it removes or isolates contamination and meets the cleanup goals much sooner. 

EMJ and Jorgensen Forge’s Response:
 
Additional justification has been added to the text in Section 5.3.1.2 to reflect this comment.
 

57. Section 4.4, Removal, page 75. Delete the third bullet stating "Future dredging by USACE within 
the navigation channel will result in the removal of sediments in SMU-2, SMU-4, SMU-7, and SMU-I0." 
See also text on pages 98-99. The suggestion that EMJ/]orgensen might avoid addressing some 
contaminated areas that might eventually be subject to navigation dredging, or might not design its 
response action to accommodate minimal speculative disruption from future navigation dredging at 
some unspecified future time, is unacceptable. While future channel dredging could cause some 
minor migration of nearby capping or habitat materials as the draft EE/CA describes them, these 
effects on potential ENR areas would likely be minor and could be managed by the placement of 
additional material up-slope. If this is subject to doubt, more robust removal action in these projected 
ENR areas would be more appropriate. Revise the EE/CA to remove statements inconsistent with this 
comment. 

EMJ and Jorgensen Forge’s Response: 
The fourth bullet in Section 5.4 was revised to make its intent more clear.  The intent (now 
more clearly stated) is that if no removal was performed in SMUs adjacent to the navigation 
channel, future actions by USACE could result in instability of upslope sediments that may 
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expose sediments with chemical concentrations above target levels. For this reason, removal 
will be used to ensure that this situation does not occur. 

58. Section 4.4, Removal, page 75. Potential remedies that leave contamination in place above SQS 
must account for and incorporate a buffer, beginning at a point 10 ft east of the Federal channel and 
extending to depth described below. This horizontal buffer is intended to permit USACE to dredge the 
channel in light of a) maximum imprecision of bucket placement, and b) because "box cutting" aka 
"advance dredging" occurs at the channel boundary according to contract conditions. The box cutting 
allows materials from upslope to slough into the channel boundary, and could be a stability issue for 
upslope remedies, which must be suitably designed to prevent remedy failure. USACE dredges the 
federal navigation channel to -17 feet MLL W (-15 feet authorized depth plus 2 feet of allowable 
overdredge depth), and recent Corps' Lower Duwamish post-dredge hydro surveys show areas where 
the postdredge elevations were up to 3.5 feet below the authorized depth. Even greater excess 
dredging has been noted in other dredging projects. The EE/CA should allow for a minimum 3 to 5 foot 
clearance below the authorized depth. Should materials be proposed for capping and/or ENR in the 
federal channel, a 3 to 5 foot buffer must be provided above the hardening or isolation layer. Specific 
clearances should be determined in the design phase. 

EMJ and Jorgensen Forge’s Response: 
USACE’s August 3, 2010, letter to the EPA (included in Appendix C of the Second Draft 
EE/CA) clarified that USACE would like the top elevation of any proposed cap within the 
federal navigation channel and the 10-foot horizontal offset immediately adjacent to the 
channel to be -19 feet MLLW and -17 feet MLLW, respectively.  The removal action 
alternatives in the Second Draft EE/CA do not propose dredging within the federal 
navigation channel and the proposed dredging within SMU-2 and SMU-4A accounts for the -
17 feet MLLW top of cap elevation request in the 10-foot horizontal offset. 

59. Section 4.4.1, Land-Based Excavation, page 76. Revise the last paragraph, which discusses in-water 
work windows, in accordance with Specific Comment 22 above. 

EMJ and Jorgensen Forge’s Response:
 
Section 5.4.1 has been revised to reflect this comment.
 

Privileged and Confidential
 
Attorney Work Product
 

Prepared at Request of Counsel
 



  
 
 
 

  
 

 

   
   

   
   

   
 

   
   

 

 
   

 
 
 

      
   

 

 
   

 
 
 

   
    

   

 
   

 
 
 

     
      

   
   

    
     

Christy Brown, EPA 
November 15, 2010 

Page 35 

60. Sections 4.4.2.1, Mechanical-Dredging, and 4.4.2.2, Hydraulic Dredging, pages 77 -79. An 
important part of the engineering evaluation is to determine which technologies cause less impact 
during remediation. A discussion of dredging impacts must be included in the EE/CA. The benefits and 
challenges of mechanical and hydraulic dredging must be incorporated into the alternatives 
evaluation. The size and economics of this project are also affected by integration with the Boeing 
Plant 2 project. These factors must be discussed with respect to inclusion or exclusion of hydraulic 
dredging. It appears that the debris mentioned in this section as an objection to dredging is largely 
associated with the SMUs that would be excavated in the dry from the bank. Revise the EE/CA to 
clarify these points. 

EMJ and Jorgensen Forge’s Response:
 
Section 5.4.2.2 has been revised to reflect this comment.
 

61. Section 4.6.2, Evaluation, page 84. The first line of the second full paragraph contains a 
typographical error. Revise"... for further consideration as a treatment alternative ..." to read as 
follows: " ... for further consideration as a removal alternative ...." 

EMJ and Jorgensen Forge’s Response:
 
Section 5.6.2 has been revised to reflect this comment.
 

62. Section 4.7, Disposal, page 84. The first line of this section contains a typographical error. 
Revise"... material could potentially be exposed at permitted off-site facilities ..." to read as follows: " 
... material could potentially be disposed at permitted off-site facilities ...." 

EMJ and Jorgensen Forge’s Response:
 
Section 5.7 has been revised to reflect this comment.
 

63. Section 4.7.1.1, Off-Site Disposal Description and Applicability, page 87. The first subsection on this 
page contains a confusing regulatory citation. This subsection is titled "TSCA Subtitle C Landfills 
(Hazardous Waste)," and then discusses the possibility of disposal of removed sediments in a 
hazardous waste landfill permitted under TSCA to receive PCB materials. Revise the EE/CA to state 
that, depending on analysis of removed sediments, disposal in a RCRA Subtitle C landfill (for 
hazardous wastes) and/or TSCA landfill (for PCBs) may be required. 
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EMJ and Jorgensen Forge’s Response:
 
Section 5.7.1.1 has been revised to reflect this comment.
 

64. Section 5, Identification and Evaluation of Removal Action Alternatives, page 91. This section 
requires extensive revision to identify and evaluate removal action alternatives as discussed in 
General Comment 6, above. 

EMJ and Jorgensen Forge’s Response:
 
Section 6 was extensively modified to provide additional detail and clarification to support
 
the proposed removal action alternatives.
 

65. Section 5, Identification and Evaluation of Removal Action Alternatives, pages 91 -92. This section 
briefly discusses the rationale for excluding "Complete Removal" as a removal option. The text in this 
section states that this alternative was not carried through the evaluation as "extensive" sampling, 
contingency measures, and backfilling would be required at substantial additional cost. Exclusion 
ofthe "Complete Removal" option is not sufficiently justified. Revise the EE/CA to include an 
evaluation of Complete Removal of all and/or sections of the RAB. 

EMJ and Jorgensen Forge’s Response:
 
The complete removal option was added as Alternative 4 in Section 6. Given the unbounded 

extents of PCB RvAL exceedances at some stations within some SMUs, assumptions were 

made to allow for “complete” removal.
 

66. Section 5.1.1.1, Bank Excavation and Slope Capping, page 94. The soil borings data summary in the 
first paragraph has a typographical error for the units associated with data from SB-3; correct the 
units from micrograms per kilogram to milligrams per kilogram. In addition, this section must explain 
why a deeper excavation depth (greater than 4 feet) is not being considered near SB-4 and SB-7 given 
the elevated concentrations of PCBs (11 mg/kg dry and 1.6 mg/kg dry) observed in the 4 to 6 foot 
interval at these locations. 

EMJ and Jorgensen Forge’s Response: 
As stated in Section 4.2.4.1 of the Second Draft EE/CA, shoreline excavation and 
reconfiguration in SMU-3, SMU-5, SMU-8, and SMU-11 will only be conducted as sufficient 
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to support toe of slope dredging and construction of a stabile slope with overlying cap. 
Excavation will not extend into the uplands to attempt to remove all impacted fill material. 
The 4-foot excavation depth was determined based on the thickness of engineered cap that 
will be necessary to adequately isolate potential underlying elevated chemical concentrations 
left in place following the excavation.  

67. Section 5.1.1.1, Bank Excavation and Slope Capping, page 94. Although it appears this section is 
intended to discuss excavation of the riverbank above the 0 to +2 ft MLLW elevation, the description 
of the slope cap discusses a habitat layer which "will provide the appropriate substrate for benthic 
and salmonid habitat." Benthic and salmonid habitat does not exist above MLLW. Revise the EE/CA to 
clearly discuss what is being proposed, and what species are intended to benefit from the habitat 
layer. 

EMJ and Jorgensen Forge’s Response:
 
Section 6.2.1.1 has been revised to reflect this comment.
 

68. Section 5.1.1.3.1, Sediment Dredging -Description, page 98. Statements made in the first 
paragraph about sediment removal and its effects need further substantiation. For example, the 
portion of SMU-4 that will be dredged is not indicated in Figure 5-1. Likewise, the extent of 
remediation of co-occurring contaminants that will be effectuated by the proposed removal of PCBs is 
not apparent from the figures given that the highest surface concentrations appear to be located 
within SMU s 4 and 1, neither of which are slated for dredging under Alternative 1. Similar issues need 
to be addressed in the discussion of Alternative 2 in Section 5.2.1.2.1 (page 104). 

EMJ and Jorgensen Forge’s Response:
 
These issues have been addressed through substantial revision to Section 6.2, 6.3, and 6.4 and
 

the associated subsections.  Similarly, Figures 6-1 through 6-24 have been revised to
 

correctly depict the proposed removal action alternatives. 


69. Section 5.1.1.3.2, Construction Methods, page 101. Delete the last sentence of the first paragraph, 
which states that the disposal site would be "evaluated and approved" by EPA before it is selected to 
receive materials originating from the RAB. Add new sentences as follows: "Pursuant to the Order, the 
Respondent shall, prior to any off-site shipment of hazardous substances from the Site to an out-of-
state waste management facility, provide written notification to the appropriate state environmental 
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official in the receiving State and to EPA's designated Project Coordinator of such shipment of 
hazardous substances. The notification of shipments shall not apply to any off-site shipments when 
the total volume of such shipments will not exceed 10 cubic yards." 

EMJ and Jorgensen Forge’s Response:
 
Section 6.2.2.2 has been revised to reflect this comment.
 

70. Section 5.1.1.3.3, Conservation Measures, page 101. The EE/CA must be revised to include 
evaluation of the following additional conservation measures: use of "environmental bucket" 
technology if appropriate to the sediment conditions; placement of a "buffer" barge between the 
dredging site and the material conveying barge to capture any material fall-back during bucket swings; 
turbidity curtains if conditions indicate the need for them due to resuspension during dredging; 
and/or temporary sheet-pile enclosures/coffer darns at the point of dredging. 

EMJ and Jorgensen Forge’s Response:
 
These additional conservation measures have been added to Section 6.2.2.3.
 

71. Section 5.1.1.4.1, Habitat Layer Placement (ENR) Description, page 102. This section indicates that 
placement of a habitat layer is proposed in areas showing only "slight exceedances" of the SQS 
criteria. SMU-1, however, includes at least two samples which exceed 2xCSL, and one sample with 
2xCSL exceedances which is unbounded for depth. The SQS/RvAL for PCBs is a minimum threshold 
removal criterion. Ultimately this removal action must succeed in reducing contaminant 
concentrations in the upper 45 cm of shellfish. Revise the EE/CA to provide better justification of this 
proposal, or revise or eliminate it. 

EMJ and Jorgensen Forge’s Response:
 
ENR has been removed from the removal action alternatives presented in Section 6.
 

72. Section 5.2.1.2.1, Sediment Dredging Description, page 104. It is difficult to determine from Figures 
5-1, 2-8 and 2-9 which sediment data fall within which SMUs. It appears that the statement that a 6-ft 
dredge cut in SMU-4 will remove all contamination may be accurate with two exceptions; it does not 
consider cores SD-DUW -311 and -320, which still have exceedances at 4 feet, and there is no deeper 
data to confirm that SQS in these locations will be achieved at 6 feet. Note that SD-DUW-311 may be 
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located in SMU-6, in which case the same concern holds with a 5-foot dredge cut. Revise the EE/CA to 
clearly indicate where these sample locations are located relative to the proposed alternatives and to 
demonstrate that the alternatives meet the RvALs. 

EMJ and Jorgensen Forge’s Response:
 
The figures have been revised to show the SMU boundaries.
 

73. Section 5.3, Management of Residual Contamination, page 106. The second full paragraph on this 
page states that capping without dredging involves minimal disturbance to bottom sediments and 
therefore minimal residual generation. Revise this paragraph to state that residual generation is 
dependent upon the capping procedure and the consistency of the material in place. 

EMJ and Jorgensen Forge’s Response:
 
Section 6.5 has been revised to reflect this comment.
 

74. Section 5.4, Institutional Controls, page 106. Revise the EE/CA to clearly state that institutional 
controls for the upland will be implemented by, or at least that implementation will be arranged by 
(e.g., rights purchased or bargained for) the owner/operator(s). The EE/CA must also be revised to 
clearly specify who owns and/or controls any area of the Waterway for which you are considering 
institutional controls, including the Port of Seattle and state or federal agencies. Notifications should 
additionally include USACE's Regulatory and Navigation Branches. Provide an explicit, detailed list of 
institutional controls that would be used so EPA can evaluate their potential effectiveness for this 
NTCRA. State how the institutional controls would be imposed, maintained or enforced, including who 
would maintain or enforce them and under what authority or by what means. 

Delete the last paragraph of this section, as implementation of institutional controls could result in 
significant conflicts with tribal treaty rights which may or may not be consensually avoided. This EAA 
is within the Muckleshoot Tribes usual and accustomed fishing areas (U&A) and must accommodate 
tribal use of their treaty-protected resources. If proposed institutional controls are not 
implementable, or effective, EPA will not consider them as part of a selected removal action. 

EMJ and Jorgensen Forge’s Response:
 
Section 6.6 has been revised to reflect this comment.
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75. Section 5.5, Evaluation of Effectiveness, pages 108, 109. Revise the EE/CA to state that the removal 
design will provide supporting documentation to demonstrate that any engineered sediment cap shall 
be sufficient for resisting prop-wash scour and anticipated discharge of the Lower Duwamish/Green 
Rivers within the 100-year return period. 

EMJ and Jorgensen Forge’s Response:
 
Section 6.7.2.3 and 6.7.3.3 have been revised to reflect this comment.
 

76. Section 5.5.1.1, Alternative 1, Effectiveness, page 108. Delete the last portion of the third sentence 
of the first full paragraph, beginning: " ... approved by USEPA." The revised sentence shall state: "The 
removed materials will be disposed in a permitted upland landfill." 

EMJ and Jorgensen Forge’s Response:
 
Section 6.7.2.1 has been revised to reflect this comment.
 

77. Section 5.5.1.3, Evaluation of Effectiveness, Cost, page 109 and Section 5.5.2.3, Cost, page 111. 
Cost analyses shall be based on 30 years duration, rather than 10 years, and net present value. 
Because of the potential for leaving hazardous substances in place, cost analyses must also include 
CERCLA five-year reviews which will be required into the foreseeable future. Revise the EE/CA 
accordingly. 

EMJ and Jorgensen Forge’s Response: 
As discussed in response to General Comment 11, the cost analyses use a 10-year duration to 
maintain consistency with the Terminal 117 Early Action Area Revised Engineering 
Evaluation/Cost Analysis (Windward et al. 2010; Terminal 117 is located directly across the 
LDW from the RAB). 

78. Section 6, Comparative Analysis of Removal Action Alternatives, pages 112 through 120. An 
analysis of green remediation factors should be added for each alternative in this section. 

EMJ and Jorgensen Forge’s Response:
 
Section 7.1.1 has been revised to reflect this comment.
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79. Section 6.1.3.2, page 114. Delete the last sentence on this page. Natural sediment deposition in 
the RAB will not trigger further response action dredging and the RAB is not used as a berth. 

EMJ and Jorgensen Forge’s Response:
 
This sentence has been removed to reflect this comment.
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REGION 10 


. 1200 Sixth Avenue, Suite 900 

Seattle, WA 98101-3140 


OFFICE OF 
AIR. WASTE AND TOXles 

Mr. Gil Leon 

Earle M. Jorgenst)n Company 

10650 South Alameda 

Lynwood, California 90262 


Mr. Peter Jewitt 

Farallon Consulting, LLC 

975 5th Avenue NOlihwest 

Issaquah, Washington 98027 


Re: 	 Initial Comments on the Second Draft Engineering Evaluation/Cost Analysis, 

Jorgensen Forge Facility, 8531 East Marginal Way South, Seattle, Washington, 

Comprehensive Environmental Response, Compensation, and Liability Act 

Administrative Order on Consent (EPA Docket No. CERCLA-10-2003-001) 


Dear Mr. Leon and Mr. Jewitt: . 

The U.S. Environmental Protection Agency, Region 10 (EPA) has completed its initial 
review of the above referenced Engineering Evaluation/Cost Analysis ("EE/CA") dated 
November 2010. Due to the time sensitive nature of this project, EPA will be providing two sets 
of comments; an initial set included within this letter and a subsequent set within the next several 
weeks. TIns wilL allow Jorgensen Forge to begin addressing those issues currentlyidentified in a 
timely mmmer. 

-General Comments 

1. Jorgensen repeatedly states throughout the document that this project is being "de-coupled" 
from the Boeing project at the direction ofEPA. This statement is incorrect. These two projects 
remained "coupled" in relation to the transition zone area per the Memorandum of 
Understanding incorporated in the First Amendment ofthe Agreed Order on Consent ("AOC") 
dated September of 2007. Jorgensen Forge will not be required to hold joint public meetings or 
conmlents with Boeing, but the two projects must be closely coordinated to ensure a protective. 
remedy is selected for the transition zone area. Per this comment, delete all references to "de
coupling" of the projects. 

2. Though directed to use a 30 ye~r post construction period for operations and maintenance 
and financial assurance obligations in EPA comments to the first draft EE/CA, Jorgensen again 
proposed only a 10 year period, stating that the 10 year period was consistent with the T -117 
Removal Action. This is incorrect. At T -117, all of the contaminated sediment is- being remov~d 
and no pelmanent in-water structures will be left. The second draft EE/CA proposes alternatives 
that use pelmanent in water structures (Caps). For those alternatives that propose pennanent in
water structures, Jorgensen shall use a 30 year post construction period for the items currently 
listed on Tables 6-2 tln"ough 6-4 and shall also include costs for: suspended sediment control 
(e.g. silt cUliain or coffer darn), the proposed financiaJ assurance mechanism, and repairs as 
discussed in our December 14th meeting. 
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3. Jorgensen did not include any form of suspended sediment control in the second draft EE/CA. 
Jorgensen must include a proposal for suspended sediment control, such as silt cUliains or coffer 
dams. 

4. Jorgensen states several times concems regarding the stability of a sheetpile wall in relation to 
proposed remedial activities and proposes a five foot buffer, though Jorgensen does not provide 
any stability analysis to support this claim. Additionally, it does not appear that there is any 
contamination within five feet ofthe sheetpile wall that would need to be remediated. Jorgensen 
must either provide stability analysis calculations, or completely remove the reference to the 
sheetpile wall if there is no contamination that needs to be removed in the inunediate vicinity. 

5. As Jorgensen Forge is aware, the point of compliance for this project is a depth of 45 cm, 
except in clamming areas, where the point of compliance is a depth of 60 cm. Jorgensen does 
not use the 60 cm point of compliance in the document, which is acceptable, if there are no areas 
that can be utilized for clamming. Jorgensen Forge must include a statement in this document on 
whether clamming areas exist within the project boundaries. If clmmning areas do exist, 
Jorgensen Forge must amend this document to reflect the 60 cm point of compliance. 

Specific Comments 

1. Section 2.5, Upland Source Control, page 46, last paragraph, first sentence: This 
sentence may be incorrect. Detection of any constituent, regardless if it is above screening levels 
or not, indicates that the migration pathway is complete. If Jorgensen Forge has established that 
no constituent was detected, then they may amend this sentence to state that the pathway 
"appears" incomplete. If any constituent was detected, regardless ofthe concentration, 
Jorgensen Forge will state that the pathway "appears" complete. 

'2. Section 2.5, Upland Source_Control, pageA7,_second paragraph: Ihis paragraph is 
incorrect. EPA agrees that the current condition of the bank limits any potential for erosion, but 
it does not completely exclude the possibility for erosion. Additionally, Jorgensen Forge does 
not have data to suppOli the claim that the erosional pathway is "incomplete". Amend this 
paragraph to state that it "appears" incomplete, but that erosion can occur in some areas of the 
project. 

3. Section 2.6.1.3, Sediment to Sediment Pathway, page 49: Delete all references and 
inferences that contaminated material from EEA-4 or EEA-5 will contaminate the Jorgensen. 
Forge removal action. Controls are being required at both of the projects to eliminate the 
possibility for recontamination ofthe Jorgensen Forge removal action. 

4. Section 4.1, Removal Action Goals, page 60 and 61: Delete the last two sentences of the 
first paragraph begilU1ing with "Futhermore, EPA requested ... " The interpretation for the reason 
of this statement presented by Jorgensen Forge is incolTect. The inclusion of this statement was 
to set the requirements for the backfill material that would come in contact with benthic 
organisms that could pass the contamination up the food chain to Tribal members, the most 
sensitive receptors on the Waterway. Additionally, remove the parenthesis and indentation on 
the subsequent paragraph. Lastly, delete "that vvill be morestringent than background" fi:om the 
first sentence of the second paragraph, since there is no natural background for man-made 
substances such as PCBs. ' . 

5. Section 4.2.2, Removal Action Boundary, page 62, first bullet: This statement is incolTect. 
The sheetpile wall could be replaced or reinforced ifnecessary, albeit at an increased cost to 
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Jorgensen Forge. Depending on how Jorgensen addresses general COlmnent #4, amend or delete 
this bullet. 

In accordance with the July 10t
\ Q003 Order, Jorgensen Forge must submit a revised EE/CA 

within 30 days receipt ofthe second comment letter, tentatively scheduled for January 2011. 
Should you have questions or comments, please contact me by phone at 206-553-4166 or by 
email at blocker.shawn@epa.gov. 

Sincerely, 

("'t)"-Christy 
?/~

Brown 
Project Coordinator 
RCRA Conective Action and Permits Team 

Enclosure 

cc: 	 Brad Helland - Ecology NWRO 
John Keeling, - Ecology NWRO 
Amy Essig Desai - Farallon Consulting 
Ryan Barth - Anchor Environmental 
David Templeton - Anchor Environmental 
BJ CUlmnings - DRCC 
Glen St. Amant - Muckleshoot Tribe 
Allison O'Sullivan - Suquamish Tribe 
Marla Steinhoff'-:" NOAA 

. JbhliWakemalf -	 USACE 

Lisa Cass - USACE 
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Mr. Gil LLeon 
Earle M. Jorgensen CCompany
10650 Soouth Alamedda 
Lynwoodd, Californiaa 90262 

Mr. Peterr Jewitt 
Farallon Consulting, LLC 
975 5th AAvenue Northhwest 
Issaquah, Washington 98027 

Re: 	 FFinal Commments on the Second Draaft Engineerring Evaluaation/Cost AAnalysis 
(EEE/CA), Jorrgensen Forrge Facility,, 8531 East Marginal WWay South, Seattle, 
WWashington,, Compreheensive Envirronmental RResponse, CCompensatioon, and Liabbility 
AAct Adminisstrative Ordder on Consent (EPA DDocket No. CCERCLA-100-2003-001)) 

Dear Mrr. Leon and MMr. Jewitt: 

The UU.S. Environnmental Prottection Agenncy, Region 10 (EPA) haas completedd its final revview 
of the above referencced Engineerring Evaluattion/Cost Annalysis (“EE//CA”) datedd November 
2010. Thhe followingg is providedd as EPA’s fiinal commennts on this doocument. 

General Comments 

1.  Jorgeensen uses thhe terms “Cheemical of Intterest”, “Cheemical of Pottential Concern” and 
“Chemical of Concerrn”  throughout the docuument.  To immprove claritty, a discussiion of these tterms 
and their distinct diffeferences shouuld be introduuced early inn the documeent.    

2.  The EEE/CA occuurs in contextt of the wideer Lower Duwwamish Watterway (“LDDW”) cleanupp, 
and a stattement is neeeded to showw that commoon goals are met. While tthe Washinggton State 
Sedimentt Quality Staandards (“SQQS”) remainss the preliminnary remediaation goal (“PPRG”) for thhis 
Early Acttion Area (“EEAA”), the EEE/CA tablee and text muust be harmonnized with thhe PRGs in tthe 
LDW Feaasibility Studdy (“FS”). TThe values cuurrently conttained withinn this EE/CAA are those liisted 
in the Remedial Invesstigation (“RRI”), which inn some casess, are differe ent than thosee in the FS. 
Correct aall values in tthis documennt to the FS vvalues. 

3.  As diiscussed in thhe meeting bbetween EPAA and Jorgenssen Forge onn January 27 , 2011, 
contaminnation in a fe w areas of thhe sedimentss have not beeen bound at depth. Jorg ensen shouldd 
make refeference to thee upcoming ssampling eveent in this doocument to asssure the pubblic that all 
contaminnation will bee removed att depth to thee PRG. 

4.  In muultiple areas of the documment, Jorgenssen uses bothh “EPA” andd “USEPA”.   Select one 
usage forr the entire teext and revisee accordingl y. 



 

 
5.  EPA gguidance (Noovember 20110) for instituutional contrrols must  bee cited in the final EE/CAA. 
The guidance can be  found at httpp://www.epaa.gov/superfuund/policy/icc/pdfs/PIME-IC-Guidancce-
Interim.ppdf. It is antiicipated that this citation will not funddamentally aalter the EE/CCA.  

6.  Detailed Cost Estiimates.  It is not possiblee to review p projected costts because onnly summaryy  
tables aree provided.   This is not cconsistent wwith other EAAA EE/CA’s  (See, for exaample Termiinal 
117’s (htttp://t117.comm/documentss/eeca/appenndices/Appenndix%20J%220Cost.pdf ))). Jorgensenn  
must provvide cost dettails in a simmilar manner.   

Specific Comments  

1.  Introoduction, Seection 1.3, paage 5, First bullet:  RvAAL “normaliized as approopriate to OCC” 
needs a ddiscussion of f lower limit of 0.05% OCC for normallization, and alternative uusing LAET in 
that instaance.    This  iis later clarifi fied, but this is the first occcurrence off the conceptt, and there 
should bee a forward ccitation at leaast. 

2. Introdduction, Secction 1.3, pagge 5. Third bullet:  Rep phrase “Contiinued accommmodation foor 
potential future dredgging by USAACE within aand adjacent tto the federaal navigationn channel” to  
“Avoid ooperational immpacts to orddinary channnel maintenannce dredgingg by USACEE, which requuires 
a buffer zzone lateral tto the channeel due to inheerent inaccurracies in dreddge positionning.” 

3.    Sectioon 2.2.4, pagge 13 & Secction 2.3.4,  ppage 19, secoond full paragraph:  Thhe statement  in 
the first ccitation that nnavigation addjacent to thee remedial acction boundaary (“RAB”)) is limited iss not  
supportedd. The RAB is located onn the east sidde of a curve towards the  southwest oon the river. Tugs  
heading uup-river pastt this point caan have proppeller-wash bbearing at ann angle of up to 30 degreees 
towards tthe RAB. Sccour at the cuurve and sommewhat upstrream is consiistent with ppotential 
demonstrrated in the laatter citationn (Figure 2-7 ). Incorporaate relevant innformation ffrom LDW FFS 
Section 55.5.8 and Apppendix F to pprovide a bettter frequenccy of ship traaffic in the arrea.  

4. Descrription and AApplicabilitty, Section  55.3.1, page 776, second p aragraph:   This paragrraph 
equates nnet erosion wwith the need for armoringg. The prosppective depthhs of disturbed sediment  
associated with propeeller- or curreent-induced  forces must be used insteead of net errosion/deposiition. 
Appropriiate velocitiees must be in corporated innto cap selecction and dessign to ensurre that effectiive 
alternativves are identiified. 

5. Evaluuation, Secti on 5.7.1.5, ppage 94, fourrth bullet:   TThe languagge “where theere is no otheer 
practical alternative” should be “wwhere there iis no other leess-damagingg practical allternative” inn  
order to rreflect the Coorps of Enginneers’ regulaatory languagge. 

6. Consservation Meeasures, Secction 6.2.2.3 , page 106: In addition tto silt curtainns and cofferr  
dam usagge, as discusssed in EPA’ss letter datedd December 114, 2010 , innclude regulaation of dredgging 
rates (timme per dredgee/placement  cycle) whenn excessive reeleases are mmeasured (or observed) annd 
when loggistics limit pplacement of f a buffer barrge as an addditional conseervation meaasure.   

 

 

 



 

 
 
 
 
 
 
 

 

 

 

 7.  Consservation MMeasures, Section 6.2.1.33, page 103,, fourth bulllet:  Change “free of  
deleteriouus materials””  to “meets nnatural background contaamination leevels” which is the goal oof the  
remedial  action. 

In acccordance with the July 110th, 2003 Orrder, Jorgenssen Forge mmust submit aa revised EEE/CA 
within 300 days receippt of this finaal comment letter.  Shouuld you havee questions oor commentss, 
please coontact me byy phone at 2006-553-41666 or by emaill at blocker.sshawn@epa .gov. 
 

 
    Sincerely,  
    
 

 
    Shawn Bloccker  
                                                            Project Cooordinator  
    RCRA Corrrective Actioon and Permmits Team 
 
  
 
 
 
 
 
    

cc: 	 BBrad Hellandd – Ecology NNWRO  
Joohn Keeling, – Ecology NWRO 

 AAmy Essig DDesai – Faralllon Consultiing
 RRyan Barth - Anchor Envvironmental 
 DDavid Templ eton – Anchhor Environmmental 

Jaames Rasmuussen – DRCCC 
 GGlen St. Amaant – Muckleeshoot Tribee  
 AAllison O’Sullivan – Suqquamish Tribbe 
 MMarla Steinhooff – NOAAA  

Joohn Wakemaan – USACEE  
 LLisa Cass - UUSACE  
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY1i U 
REGION 10 


1200 Sixth Avenue, Suite 900 

Seattle, WA 98101-3140 


GF-FiCEQf 
,\IR WASTE J\NO TOX'ICS 

FEB 1 1 2011 

Mr. Gil Leon 
Earle M. Jorgensen Company 
10650 South Alameda 
Lynwood, Califomia 90262 

Mr. Peter J ewitt 
F arallon Consulting, LLC 
975 5th Avenue Northwest 
Issaqnah, Washington 98027 

Re: 	 Final Comments on the Second Draft Engineering Evaluation/Cost Analysis 
(EE/CA), Jorgensen Forge Facility, 8531 East JYIarginal Way South, Seattle, 
'Washington, Comprehensive Environmental Response, Compensation, and Liability 
Act Administrative Order on Consent (EPA Docket No. CERCLA-10-2003-001) 

Dear Mr. Leon and Mr. Jewitt: 

The U. S. Environmental Protection Agency, Region 10 (EPA) has completed its final review 
of the above referenced Engineering Evaluation/Cost Analysis ("EE/CA") dated November 
2010. The following is provided as EPA's final comments on this document. 

General Comments 

1. Jorgensen uses the tenns "Chemical of Interest", "Chemical of Potential Concern" and 
"Chemical of Concem" throughout the document. To improve clarity, a discussion of these terms 
and their distinct differences should be introduced early in the document. 

2. The EE/CA occurs in context of the wider Lower Duwamish Waterway ("LDW") cleanup, 
and a statement is needed to show that conunon goals are met. While the Washington State 
Sediment Quality Standards ("SQS") remains the preliminary remediation goal ("PRG") for this 
Early Action Area ("EAA"), the EE/CA table and text must be harmonized with the PRGs in the 
LDW Feasibility Study ("FS"). The values cun-ently contained within this EE/CA are those listed 
in the Remedial Investigation ("RI"), which in some cases, are ditTerent than those in the FS. 
Correct all values in this document to the FS values. 

3. As discussed in the meetingbetween EPA and Jorgensen Forge on January 27,2011, 
contamination in a few areas of the sediments have not been bound at depth. Jorgensen should 
make reference to the upcoming sampling event in this document to assure the public that all 
contamination will be removed at depth to the PRG. 

4. In multiple areas of the document, Jorgensen uses both "EPA" and "USEPA". Select one 
usage for the entire text and revise accordingly. 



5. EPA guidance (November 2010) for institutional controls must be cited in the tinal EE/CA. 
The guidance can be found at http://www.epa.govisu!)erfimd!poiicv/ic/pdfs/PIME-IC-Guidancc
liltelinll'df. It is anticipated that this citation will not fundamentally alter the EE/CA. 

6. Detailed Cost Estimates. It is not possible to review projected costs because only summary 
tables are provided. This is not consistent with other EA.A EE/CA's (See, tor example Terminal 
117's (htt12:UJlI7.com/documcnts/ecca/appendiccs/ 6£pcndix% 70J%70Cost.pdf)). Jorgensen 
must provide cost details in a similar mmmer. 

Specific Comments 

1. Introduction, Section 1.3, page 5, First bullet: Rv AL "nonnalized as appropliate to OC" 
needs a discussion oflower limit of 0.05% OC for nonnalization, and altemative using LAET in 
that instance. This is later claritied, but this is the first occurrence of the concept, and there 
should be a forward citation at least. 

2. Introduction, Section 1.3, page 5. Third bullet: Rephrase "Continued accommodation for 
potential future dredging by USACE within and adjacent to the federal navigation channel" to 
"Avoid operational impacts to ordinary chmmel maintenance dredging by USACE, which requires 
a buffer zone lateral to the chamlel due to inherent inaccuracies in dredge positioning." 

3. Section 2.2.4, page 13 & Section 2.3.4, page 19, second full paragraph: TIle statement in 
the first citation that navigation adjacent to the remedial action boundary CRAB") is limited is not 
supported. The RAB is located on the east side of a curve towards the southwest on the river. Tugs 
heading up-river past this point can have propeller-wash bearing at an angle of up to 30 degrees 
towards the RAB. Scour at the curve and somewhat upstremn is consistent with potential 
demonstrated in the latter citation (Figure 2-7). Incorporate relevant information ti'om LDW FS 
Section 5.5.8 and Appendix F to provide a better frequency of ship traffic in the area. 

4. Description and Applicability, Section 5.3.1, page 76, second paragraph: This paragraph 
equates net erosion with the need for annoring. The prospective depths of distmbed sediment 
associated with propeller- or cun-ent-induced forces must be used instead of net erosion/deposition. 
Appropriate velocities must be incorporated into cap selection and design to ensure that effective 
alternatives are identified. 

5. Evaluation, Section 5.7.1.5, page 94, fourth bullet: The language "where there is no other 
practical alternative" should be "where there is no other less-damaging practical altemative" in 
order to reflect the Corps of Engineers' regulatory language. 

6. Conservation Measures, Section 6.2.2.3, page 106: In addition to silt curtains and coffer 
dam usage, as discussed in EPA's letter dated December 14,2010, include regulation of dredging 
rates (time per dredge/placement cycle) when excessive releases are measured (or observed) and 
when logistics limit placement of a buffer barge as an additional conservation measure. 
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7. Conservation Measures, Section 6.2.1.3, page 103, fourth bullet: Change "fioee of 
deletetious matetials" to "meets natural background contamination levels" which is the goal of the 
remedial action. 

In accordance with the July 10'h, 2003 Order, Jorgensen Forge must submit a revised EE/CA 
within 30 days receipt of this final comment letter. Should you have questions or comments, 
please contact me by phone at 206-553-4166 or by email at blocker.shawn@epa.gov. 

Sincerely, 

~~~ 
Shawn Blocker 
Project Coordinator 
RCRA COlTective Action and Permits Team 

cc: 	 Brad Helland - Ecology NWRO 
John Keeling, - Ecology NWRO 
Amy Essig Desai - Farallon Consulting 
Ryan Barth - Anchor Environmental 
David Templeton- Anchor Environmental 
James Rasmllssen- DRCC 
Glen St. Amant - Muckleshoot Tribe 
Allison O'Sullivall- Suquamish Tribe 
Marla Steinhoff- NOAA 
John Wakeman- USACE 
Lisa Cass - USACE 
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720 Olive Way, Suite 1900 
Seattle, Washington  98101 
Phone 206.287.9130 
Fax 206.287.9131 

www.anchorqea.com 

 
March 18, 2011 
 
Shawn Blocker 
Corrective Action and Permits Team  
U.S. Environmental Protection Agency, Region 10 
1200 Sixth Avenue, AWT-121  
Seattle, Washington  98101-3140 
 
 
Re: EPA Initial Comments on the Second Draft Engineering Evaluation/Cost Analysis, 

Jorgensen Forge Facility, 8531 East Marginal Way South, Seattle, Washington, 
Comprehensive Environmental Response, Compensation, and Liability Act 
Administrative Order on Consent (EPA Docket No. CERCLA-10-2003-001) 

 
Project Number: 080224-01.01 
 
 
Dear Mr. Blocker: 
 
On behalf of Earle M. Jorgensen Company (EMJ) and Jorgensen Forge Corporation 
(Jorgensen Forge), this letter responds to the U.S. Environmental Protection Agency’s 
(EPA’s) December 2010 initial comment letter and February 2011 final technical comment 
letter on the November 2010 Second Draft Engineering Evaluation/Cost Analysis (EE/CA) 
prepared for the Jorgensen Forge Facility located at 8531 East Marginal Way South in Seattle, 
Washington (the Facility).  For easier reference, EPA’s original comments are provided in a 
different font immediately before EMJ and Jorgensen Forge’s specific responses. 
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UNDERSTANDING OF PRIMARY ISSUES AND PATH FORWARD 

Farallon Consulting, LLC (Farallon), and Anchor QEA, LLC, met with EPA on December 14, 
2010 and January 27, 2011 to discuss EPA’s comments on the Second Draft EE/CA.  The 
primary comments discussed with EPA during these meetings are summarized in the 
following sections.  As previously stated, the Final EE/CA has been revised to reflect these 
discussions, EPA’s written comments (EPA 2010b and 2011; see Appendix C of Final EE/CA), 
and the comments and response communications for the First Draft EE/CA (EPA 2010a).  
EMJ and Jorgensen Forge expect EPA’s Action Memorandum for the selected removal action 
alternative will similarly reflect these decisions and approaches. 
 

Additional Subsurface Sediment Sampling and Analysis 

Subsurface sediment sampling and analysis was recently conducted to refine the vertical 
extent of sediment concentrations exceeding the total polychlorinated biphenyls (PCBs) 
Removal Action Level (RvAL) in areas where the bottom depth of RvAL exceedances is 
currently unbounded.  The sediment sampling and analysis was conducted in late February 
2011 in accordance with the EPA-approved Work Plan for Additional Design Sediment 
Sampling (Anchor QEA 2011).  The analytical results of the sediment sampling will be used 
in the design of the EPA-approved Final EE/CA removal action alternative and provided in 
design documents.  The design process and design deliverables will be described in the 
Statement of Work attached to the amended or new administrative order on consent (AOC) 
for implementation of the selected removal action alternative.  
 
In order to evaluate the complete vertical removal of total PCB RvAL exceedances 
throughout the removal action boundary (RAB), the Final EE/CA has assumed that the 
vertical extent subsurface sediment total PCB RvAL exceedances is several feet below the 
deepest RvAL exceedance depth interval at each unbounded station (as described for 
Alternative 4 in Section 6.4).  If the additional subsurface sediment sampling results identify 
total PCB RvAL exceedances at depths significantly below the assumed depths, additional 
evaluations may be conducted during the design process to determine if these much deeper 
depths lead to significant cost increases and adverse effects to the implementability or 
effectiveness of the remedy.  Based on these evaluations, the recommended removal action 
alternative presented in the Final EE/CA may be slightly modified.  Any such modification of 
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the recommended removal action alternative would be coordinated with EPA and defined in 
design deliverables (for example, the Basis of Design Report). 
 

Performance Standard and Post-dredge Sampling for Selected Removal Action 
Alternative  

The performance standard for successful completion of the recommended removal action 
alternative (Alternative 4 in Section 6.4) is the complete removal of sediments within the 
RAB containing sediment concentrations above the total PCB RvAL.  The target vertical 
elevations to achieve this complete removal will be defined in the final design documents.  
The selected contractor(s) will complete the removal to the target elevations, and surveys 
will be performed to document the target elevations have been achieved.   
 
During a meeting on January 27, 2011, EPA communicated that, although the full removal 
action alternative will be based on the removal of the vertical extent of total PCB RvAL 
exceedances and that existing data will define the final post-dredge surface (“z-layer”) 
chemical concentrations prior to placement of the backfill material, EPA may require the 
collection and analysis of z-layer sediment samples as an element of the selected removal 
action alternative.  EPA acknowledged that the removal activities may result in a thin layer 
of sediments with residual total PCB concentrations deposited on the final post-dredge 
surface.  Therefore, the results of any post-dredge  sampling and analysis would not trigger 
any further remedial actions unless the area weighted concentrations in the RAB are 
significantly greater than the total PCB RvAL (for example, area weighted averages greater 
than 20 times the RvAL or 240 milligrams per kilogram normalized for organic carbon 
[mg/kg OC]).  In this situation, further evaluation would be required, and if EPA determines 
that long-term monitoring is necessary for the selected removal action alternative (see 
Section 1.3.3), these data would be used to document that the surface backfill concentrations 
in this area(s) are protective of human health and the environment based on the surface 
weighted average concentrations in the RAB.  Any post-dredge z-layer evaluations will be 
defined in design documents (for example, a Construction Quality Assurance Project Plan 
[CQAP]). 
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Long-term Post-construction Assessment 

The requirement for post-construction assessment of sediments will be determined during 
design and will be defined in an Operation, Monitoring, and Maintenance Plan (OMMP).  
Upland source control evaluations at the Facility are currently being finalized under an 
Agreed Order with the Washington State Department of Ecology (Ecology).  Source control 
measures will be in place and operational prior to implementation of the selected removal 
action alternative.   
 
Long-term monitoring will not be required to monitor the performance of the recommended 
removal action alternative (Alternative 4 in Section 6.4) because the vertical extent of total 
PCB RvAL exceedances will be addressed and the entire area backfilled with 1 to 10.5 feet of 
clean material.  However, EPA has indicated that limited long-term assessment of the final 
post-construction surface concentrations within the RAB may be required as part of the 
larger Lower Duwamish Waterway (LDW) Remedial Investigation/ Feasibility Study (RI/FS) 
process to assess changes in surface sediment chemical concentrations over a 10-year period.  
Based on the LDW conceptual site model, chemical concentrations in sediments deposited on 
the surface of the RAB are expected to increase over time from essentially non-detectable 
concentrations as the newly deposited surface layer reaches equilibrium with chemical 
concentrations in suspended material originating outside the RAB.  Given this expectation, 
any assessment of the newly deposited surface sediments will not trigger any additional 
response action by EMJ and Jorgensen Forge (with a demonstration that the Facility is not a 
source of elevated chemical concentrations to surface sediments). 
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The remainder of this letter presents a response to EPA’s initial comments and final technical 
comments on the Second Draft EE/CA and identifies where changes have been made to the 
Final EE/CA based on these comments.  If you have any questions or concerns, please contact 
me at (206) 910-4279 or dtempleton@anchorqea.com. 
 
 
Regards, 
 

 
 
David Templeton 
Anchor QEA, LLC 
 
 

Cc:  

Ryan Barth, Anchor QEA 
Gilbert Leon, EMJ 
Wayne Desberg and Steve Abelman, Jorgensen Forge 
William Joyce, Salter Joyce Ziker, PLLC 
Rod Brown and Joshua Lipsky, Cascadia Law Group, PLLC 
Shawn Blocker, EPA 
Kris Flint, EPA 
John Keeling, Ecology 
Richard Thomas, Ecology 
Peter Jewett and Amy Essig Desai, Farallon  
  

mailto:dtempleton@anchorqea.com�
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INITIAL COMMENTS 

This section responds to EPA’s non-technical comments received on December 14, 2010. 
 

General Comments 
1. Jorgensen repeatedly states throughout the document that this project is being “de-coupled” from 
the Boeing project at the direction of EPA.  This statement is incorrect.  These two projects remained 
“coupled” in relation to the transition zone area per the Memorandum of Understanding incorporated 
in the First Amendment of the Agreed Order on Consent (“AOC”) dated September of 2007.  Jorgensen 
Forge will not be required to hold joint public meetings or comments with Boeing, but the two 
projects must be closely coordinated to ensure a protective remedy is selected for the transition zone 
area.  Per this comment, delete all references to “decoupling” of the projects. 
 

EMJ and Jorgensen Forge’s Response: 
As summarized in the November 15, 2010 response to EPA’s comments on the First Draft 
EE/CA, EPA’s September 15, 2010 letter stated concern that delays in The Boeing Company 
(Boeing) remedy negotiations with EPA could impact EMJ and Jorgensen Forge’s ability to 
implement the EE/CA remedy during the 2012 in-water construction window.  Therefore, 
EPA determined—contrary to the Memorandum of Understanding (MOU) and previous 
written and verbal communication from EPA—that the cleanup actions to be conducted by 
EMJ and Jorgensen and Boeing would be decoupled at this stage in the EE/CA development 
and recoupled in the future, following completion of Boeing’s Dispute Resolution and during 
design of the EPA-approved EE/CA remedy. 
 
Per EPA’s Initial Comments General Comment 1, the Final EE/CA has been revised to 
remove all statements regarding decoupling the adjacent projects.  As required by the MOU, 
EMJ and Jorgensen Forge will continue to regularly coordinate to ensure the adjacent EE/CA 
and Boeing remedies are successfully integrated and protective at the transition zone area 
along the toe of rip rap and in-water cleanup boundaries.  Boeing submitted the Duwamish 
Sediment Other Area (DSOA) and Southwest Bank Corrective Measures Alternatives Study 
(CMAS) in December 2010 and selected Alternative 4 (complete total PCB RvAL removal 
alternative).  EPA indicated during the January 27, 2011 meeting with Anchor QEA and 
Farallon that the CMAS Alternative 4 is considered protective and is therefore scheduled to 
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be presented in a public meeting in May, approximately one month prior to the anticipated 
public meeting for the EE/CA remedy. 
 
 
2. Though directed to use a 30-year post construction period for operations and maintenance and 
financial assurance obligations in EPA comments to the first draft EE/CA, Jorgensen again proposed 
only a 10 year period, stating that the 10 year period was consistent with the T -117 Removal Action.  
This is incorrect.  At T -117, all of the contaminated sediment is being removed and no permanent in-
water structures will be left.  The second draft EE/CA proposes alternatives that use permanent in 
water structures (Caps).  For those alternatives that propose permanent in-water structures, 
Jorgensen shall use a 30 year post construction period for the items currently listed on Tables 6-2 
through 6-4 and shall also include costs for: suspended sediment control (e.g. silt curtain or coffer 
dam), the proposed financial assurance mechanism, and repairs as discussed in our December 14th 
meeting. 
 

EMJ and Jorgensen Forge’s Response: 
Per EPA’s comment, Alternatives 2 and 3 have been revised to include a 30-year post-
construction monitoring period for operations and maintenance, including costs for a 
perimeter silt curtain skirt around the dredging area and costs associated with the full 
replacement of the in-water capping areas over the life of the project.  The revisions are 
reflected in the costs provided in Tables 6-2 and 6-3 and in Section 6.2.2.3.  The costs 
associated with financial assurance would be determined during the design process in 
coordination with EPA, so these costs were not included for Alternatives 2 and 3, consistent 
with both the Boeing CMAS (AMEC 2010) and the Terminal 117 Engineering 
Evaluation/Cost Analysis (Windward et al. 2010).   
 
 
3. Jorgensen did not include any form of suspended sediment control in the second draft EE/CA. 
Jorgensen must include a proposal for suspended sediment control, such as silt curtains or coffer 
dams. 
 

EMJ and Jorgensen Forge’s Response: 
As discussed in Section 6.2.2.3 of the Second Draft EE/CA, consistent with the description 
provided in the EPA-approved Terminal 117 Engineering Evaluation/Cost Analysis 
(Windward et al. 2010), the use of anchored full-length silt curtains as a conservation 
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measure during dredging is not considered practical.  This is due to their documented limited 
effectiveness at other cleanup projects in high energy environments, obstruction of 
navigation, and installation and maintenance difficulties.  
 
Similarly, the use of temporary sheetpile enclosures or coffer dams to minimize dispersion of 
resuspended sediments caused by dredging is not considered practical.  This includes but is 
not limited to: 

• The long construction duration needed to install these elements (for example, 
installation would require the cleanup to occur over two in-water construction 
windows versus one window) 

• The potential for driving existing contamination to deeper depths during installation 
of these elements 

• Water quality impacts during removal of these elements 
• Obstruction to navigation 
• Erosion of sediments on the channelward side of the structure 
• The high cost relative to the small size of the proposed removal action 

 
Per EPA’s comment, Section 6.2.2.3 of the Final EE/CA has been revised to clarify that 
statements about silt curtains were specific to anchored full-length silt curtains.  The text has 
also been revised to state, “The use of standard environmental controls during dredging (for 
example, no multiple bites, no dragging the bucket, no bottom stockpiling, and the use of 
shallow depth silt curtains and oil containment skirts/booms) to reduce the risk of suspended 
sediment migration will be performed during remedy implementation.” 
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4. Jorgensen states several times concerns regarding the stability of a sheetpile wall in relation to 
proposed remedial activities and proposes a five foot buffer, though Jorgensen does not provide any 
stability analysis to support this claim.  Additionally, it does not appear that there is any 
contamination within five feet of the sheetpile wall that would need to be remediated.  Jorgensen 
must either provide stability analysis calculations, or completely remove the reference to the 
sheetpile wall if there is no contamination that needs to be removed in the immediate vicinity. 
 

EMJ and Jorgensen Forge’s Response: 
As discussed in Section 4.2.3 of the Second Draft EE/CA, research of Facility files has resulted 
in no information regarding the design or as-built condition of the adjacent sheetpile and 
concrete panel walls along the southern shoreline of the Facility.  Therefore, impacts of 
adjacent construction on their stability cannot be assessed without completing detailed 
evaluations that go beyond the level of evaluation required by an EE/CA.  Sediment quality 
exceedances have not been identified within the assumed 5-foot offset from the wall so 
Alternatives 2, 3, and 4 propose no dredging within this offset distance.  Rather, each of 
these alternatives conservatively assumes that removal will extend as close to these structures 
as possible (for example, 5 feet based on typical dredge bucket widths) to minimize any 
potential incidental contact with the dredge bucket and the walls.  These alternatives also 
include the placement of a nominal 1 foot of clean habitat friendly material in the 5-foot 
offset area to increase habitat quality directly adjacent to these walls. 
 
 
5. As Jorgensen Forge is aware, the point of compliance for this project is a depth of 45 cm, except in 
clamming areas, where the point of compliance is a depth of 60 cm. Jorgensen does not use the 60 cm 
point of compliance in the document, which is acceptable, if there are no areas that can be utilized for 
clamming.  Jorgensen Forge must include a statement in this document on whether clamming areas 
exist within the project boundaries.  If clamming areas do exist, Jorgensen Forge must amend this 
document to reflect the 60 cm point of compliance. 
 

EMJ and Jorgensen Forge’s Response: 
As discussed in Section 2.2.6 of the Second Draft EE/CA, for the Terminal 117 Engineering 
Evaluation/Cost Analysis, the Lower Duwamish Waterway Group (LDWG) conducted a clam 
abundance survey (Windward 2004a) in July 2003 to determine the potential for clamming 
along reaches of the LDW.  Two reconnaissance surveys were conducted within the LDW 
Superfund Site resulting in the ranking of 20 beaches for potential follow up clam surveys.  
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Each beach was ranked according to the number of clams, shows (that is, siphon holes), and 
shells observed and the condition of the substrate.  The entire shoreline area extending from 
the Boeing-Thompson Property upstream from the RAB downstream to the mouth of Slip 4 
was identified as Beach No. 14 and given a low ranking due to few observations of clams, 
shells, or shows and soft substrate.  Beach No. 14 was not included in the quantitative 
sampling performed in August 2003.  This information suggests there are no clamming areas 
in the removal action area so a 45 cm point of compliance is appropriate. 
 
Alternatively, the clam abundance survey (Windward 2004a) conducted adjacent to the 
Terminal 117 Early Action Area provided this area (Beach 16) a high ranking due to the 
abundance of clam species present in test cells.  Even with the documented presence of clams 
in this area, both the Terminal 117 Engineering Evaluation/Cost Analysis (Windward et al. 
2010) and Action Memorandum for a Non-Time-Critical Removal Action at the Terminal 
117 Early Action Area of Lower Duwamish Waterway Superfund Site, Seattle, Washington 
(EPA 2010d) identify that clean material placement to a minimum depth of 45 centimeters is 
protective of clammers and define this depth as the vertical point of compliance for the 
sediment remedy.  This use of a 45-centimeter point of compliance for this cleanup further 
supports that a 45-centimeter point of compliance is appropriate for the Jorgensen Forge 
Facility EE/CA. 
 
No revisions have been made the Final EE/CA.    
 
  



Mr. Shawn Blocker, EPA 
March 18, 2011 

Page 11 
 

www.anchorqea.com 

Specific Comments 
1. Section 2.5, Upland Source Control, page 46, last paragraph, first sentence: This sentence may be 
incorrect.  Detection of any constituent, regardless if it is above screening levels or not, indicates that 
the migration pathway is complete.  If Jorgensen Forge has established that no constituent was 
detected, then they may amend this sentence to state that the pathway “appears” incomplete.  If any 
constituent was detected, regardless of the concentration, Jorgensen Forge will state that the 
pathway “appears” complete. 
 

EMJ and Jorgensen Forge’s Response: 
Section 2.5 has been revised to state that the groundwater migration pathway is complete but 
concentrations of COCs have not been detected in groundwater exceeding the screening 
levels. 
 
 
2. Section 2.5, Upland Source Control, page 47, second paragraph: This paragraph is incorrect.  EPA 
agrees that the current condition of the bank limits any potential for erosion, but it does not 
completely exclude the possibility for erosion.  Additionally, Jorgensen Forge does not have data to 
support the claim that the erosional pathway is “incomplete”.  Amend this paragraph to state that it 
“appears” incomplete, but that erosion can occur in some areas of the project. 
 

EMJ and Jorgensen Forge’s Response: 
Section 2.5 has been revised to state that the bank erosion pathway appears incomplete but 
that erosion could occur in some limited areas. 
 
 
3. Section 2.6.1.3, Sediment to Sediment Pathway, page 49: Delete all references and inferences that 
contaminated material from EAA-4 or EAA-5 will contaminate the Jorgensen Forge removal action.  
Controls are being required at both of the projects to eliminate the possibility for recontamination of 
the Jorgensen Forge removal action. 
 

EMJ and Jorgensen Forge’s Response: 
Section 2.6.1.3 has been revised to state that the EAA-4 and EAA-5 cleanup projects will 
either be conducted concurrently or prior to the RAB cleanup and that EPA will require 
sufficient controls during these cleanups to minimize the potential for sediment transport 
and deposition to the RAB.  The text continues to identify the directly upstream RAA-6, 
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which has document elevated PCB concentrations, as a potential ongoing source of elevated 
chemical concentrations to the RAB following completion of the EE/CA remedy. 
 
 
4. Section 4.1, Removal Action Goals, page 60 and 61: Delete the last two sentences of the first 
paragraph beginning with “Furthermore, EPA requested...”  The interpretation for the reason of this 
statement presented by Jorgensen Forge is incorrect.  The inclusion of this statement was to set the 
requirements for the backfill material that would come in contact with benthic organisms that could 
pass the contamination up the food chain to Tribal members, the most sensitive receptors on the 
Waterway.  Additionally, remove the parenthesis and indentation on the subsequent paragraph.  
Lastly, delete “that will be more stringent than background” from the first sentence of the second 
paragraph, since there is no natural background for man-made substances such as PCBs.  
 

EMJ and Jorgensen Forge’s Response: 
Section 4.1 has been revised per EPA’s comment. 
 
 
5. Section 4.2.2, Removal Action Boundary, page 62, first bullet: This statement is incorrect.  The 
sheetpile wall could be replaced or reinforced if necessary, albeit at an increased cost to Jorgensen 
Forge.  Depending on how Jorgensen addresses general Comment #4, amend or delete this bullet. 
 

EMJ and Jorgensen Forge’s Response: 
Section 4.2.2 has been revised to state that directly-adjacent construction activities could 
compromise the physical integrity of the sheetpile and concrete panel walls. 
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FINAL TECHNICAL COMMENTS 

This section responds to EPA’s final technical comments, dated February 11, 2011 (but 
received on February 16). 
 

General Comments 
1.  Jorgensen uses the terms “Chemical of Interest”, “Chemical of Potential Concern” and “Chemical of 
Concern”   throughout the document.  To improve clarity, a discussion of these terms and their 
distinct differences should be introduced early in the document.    
 

EMJ and Jorgensen Forge’s Response: 
A word search of the document found no occurrences of the term “Chemical of Potential 
Concern.”  Section 2.5 has been revised to define “chemical of interest” as those chemicals 
that were used in historical operations or otherwise known to be present at the Facility at 
detectable concentrations.  Similarly, Section 2.5 has been revised to define “chemical of 
concern” as those chemicals with concentrations above the identified screening levels.   
 
 
2.  The EE/CA occurs in context of the wider Lower Duwamish Waterway (“LDW”) cleanup, and a 
statement is needed to show that common goals are met. While the Washington State Sediment 
Quality Standards (“SQS”) remains the preliminary remediation goal (“PRG”) for this Early Action Area 
(“EAA”), the EE/CA table and text must be harmonized with the PRGs in the LDW Feasibility Study 
(“FS”).  The values currently contained within this EE/CA are those listed in the Remedial Investigation 
(“RI”), which in some cases, are different than those in the FS.  Correct all values in this document to 
the FS values. 
 

EMJ and Jorgensen Forge’s Response: 
EPA’s comment does not specifically reference what table or values currently contained 
within the Second Draft EE/CA need to be harmonized with the PRGs in the LDW FS.  
Follow-up communications with EPA clarified that this comment referred to the differences 
in the values between Table 2-10 in the Second Draft EE/CA and Table 4-4 in the Draft Final 
Feasibility Study: Lower Duwamish Waterway (AECOM 2010).   
 
Table 2-10 is referenced in Section 3 of the Second Draft EE/CA, which summarizes the 
results of the Streamlined Risk Evaluation.  In accordance with the EE/CA guidance 
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(EPA 1993), the sediment data collected within the RAB was evaluated during completion of 
the Streamlined Risk Evaluation to determine if there are potential risks to human health 
and the environment and to justify the need for a cleanup action.  As part of this evaluation, 
Section 3.1.2.2.1 of the Second Draft EE/CA stated: 
 

“As a human health risk screening tool, the SRE compares the range of human health 
sediment-based RBTCs [risk based threshold concentrations] identified in the 
BHHRA [baseline human health risk assessment] to the surface sediment 
concentrations of risk driver chemicals (specifically arsenic, total carcinogenic PAHs, 
dioxin/furan toxic equivalents, and total PCBs) in the RAB to evaluate netfishing and 
shellfishing exposures that could potentially occur in the RAB (Table 2-10).  SQS and 
CSL values from the SMS are provided in Table 2-10 for reference and are not human 
health-based screening values (that is, they are based on ecological risks).  Where 
sediment RBTCs for seafood ingestion were calculated (total PCBs for the 1 in 10,000 
risk level), the frequency of RAB sample exceedance was relatively high.  Seafood-
based RBTCs were not calculated in the BHHRA for arsenic and PAHs due to LDWG, 
EPA, and Ecology agreeing that the clam tissue-to-sediment relationships are too 
uncertain to develop sediment RBTCs.  For direct contact, total PCBs and arsenic 
appear to be the primary risk drivers in the RAB, with low frequency of RBTC 
exceedances for total carcinogenic PAHs.  As discussed in the BHHRA, the direct 
contact RBTC for arsenic a 1x10-6 target threshold is well below the range of 
background concentrations evaluated in the Phase 1 Human Health Risk Assessment; 
therefore, total PCBs are the main non-background related risk driver in the RAB 
(Windward 2010).” 

 
As described in the previous quote, Table 2-10 showed that there were human health risks 
for arsenic, carcinogenic polycyclic aromatic hydrocarbons (PAHs) and PCBs under variable 
risk levels.  Table 2-4 in the Draft Final Feasibility Study: Lower Duwamish Waterway 
(AECOM 2010) summarizes the PRGs that have been developed to achieve the RBTCs for 
each of the removal action objectives.  These PRGs are applied over site-wide, tribal 
clamming, beach play and point concentration spatial scales.  The site-wide, tribal clamming 
(see response to EPA General Comment 5), and beach play spatial scales are not applicable to 
the RAB so the associated PRGs are not applicable.  Alternatively, the point concentration 
PRG values for total PCBs and arsenic are applicable; however, these PRG values (equivalent 
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to the SQS criteria for these chemicals) are included in Table 2-10 of the Second Draft EE/CA 
so these values were evaluated as part of the Streamlined Risk Evaluation. 
 
No revisions have been made to the Final EE/CA.   
 
 
3.   As discussed in the meeting between EPA and Jorgensen Forge on January 27, 2011, contamination 
in a few areas of the sediments have not been bound at depth.  Jorgensen should make reference to 
the upcoming sampling event in this document to assure the public that all contamination will be 
removed at depth to the PRG. 
 

EMJ and Jorgensen Forge’s Response: 
Section 1.3.1 has been revised to reference the design sampling in areas where the bottom 
depth of total PCB RvAL exceedances is unknown. 
 
 
4.  In multiple areas of the document, Jorgensen uses both “EPA” and “USEPA”.  Select one usage for 
the entire text and revise accordingly. 
 

EMJ and Jorgensen Forge’s Response: 
A word search found that “EPA” is used consistently as the abbreviation for “U.S. 
Environmental Protection Agency” in the text of the Second Draft EE/CA.  However, 
“USEPA” is used in the footnotes to Tables 2-7 and 2-8, so the term has been revised to 
“EPA.”  Two additional instances of “USEPA” were located in the comments provided by 
EPA on the First Draft EE/CA, but this text has not been revised in order to preserve the 
integrity of EPA’s original comments.  
 
 
5.  EPA guidance (November 2010) for institutional controls must be cited in the final EE/CA. The 
guidance can be found at http://www.epa.gov/superfund/policy/ic/pdfs/PIME-IC-Guidance-
Interim.pdf.  It is anticipated that this citation will not fundamentally alter the EE/CA. 
 

EMJ and Jorgensen Forge’s Response: 
Section 5.1.1 has been revised to reflect the requested citation.   
 

http://www.epa.gov/superfund/policy/ic/pdfs/PIME-IC-Guidance-Interim.pdf�
http://www.epa.gov/superfund/policy/ic/pdfs/PIME-IC-Guidance-Interim.pdf�
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6.   Detailed Cost Estimates.  It is not possible to review projected costs because only summary tables 
are provided.  This is not consistent with other EAA EE/CA’s (See, for example Terminal 117’s 
(http://t117.com/documents/eeca/appendices/Appendix%20J%20Cost.pdf)).  Jorgensen must 
provide cost details in a similar manner.   
 

EMJ and Jorgensen Forge’s Response: 
Additional detail has been included in the costs provided in Tables 6-2 through 6-4. 
 
  

http://t117.com/documents/eeca/appendices/Appendix%20J%20Cost.pdf�
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Specific Comments 
1.  Introduction, Section 1.3, page 5, First bullet:   RvAL “normalized as appropriate to OC” needs a 
discussion of lower limit of 0.05% OC for normalization, and alternative using LAET in that instance.  
This is later clarified, but this is the first occurrence of the concept, and there should be a forward 
citation at least.  
 

EMJ and Jorgensen Forge’s Response: 
Section 1.3 has been revised to provide a forward reference to Section 2.4.1 for more 
information on organic carbon normalization. 
 
 
2.  Introduction, Section 1.3, page 5. Third bullet:  Rephrase “Continued accommodation for potential 
future dredging by USACE within and adjacent to the federal navigation channel” to “Avoid 
operational impacts to ordinary channel maintenance dredging by USACE, which requires a buffer 
zone lateral to the channel due to inherent inaccuracies in dredge positioning.” 
 

EMJ and Jorgensen Forge’s Response: 
Section 1.3 has been revised to rephrase the third bullet. 
 
 
3.  Section 2.2.4, page 13 & Section 2.3.4, page 19, second full paragraph:  The statement in the first 
citation that navigation adjacent to the remedial action boundary (“RAB”) is limited is not supported. 
The RAB is located on the east side of a curve towards the southwest on the river.  Tugs heading up-
river past this point can have propeller-wash bearing at an angle of up to 30 degrees towards the RAB.  
Scour at the curve and somewhat upstream is consistent with potential demonstrated in the latter 
citation (Figure 2-7).  Incorporate relevant information from LDW FS Section 5.5.8 and Appendix F to 
provide a better frequency of ship traffic in the area.  
 

EMJ and Jorgensen Forge’s Response: 
Section 5.5.8 of the LDW Draft Final FS describes scour potential throughout the LDW based 
on modeled scenarios for various types of vessels.  This section does not discuss navigation 
adjacent to the RAB and therefore cannot be used to revise Section 2.2.4.  Section 2.6.6 of the 
LDW Draft Final FS, however, provides a description of the vessel traffic patterns 
throughout the LDW.  This section focuses on the evaluation of larger vessel traffic through 
analysis of the number of times bridges spanning the LDW are opened on an annual basis.  
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This analysis showed that 35 to 40 percent of the larger vessel traffic continue upstream at 
least as far as the South Park Bridge at River Mile 2.0 (the RAB is located at approximately 
River Mile 3.6).  This additional information has been added to Section 2.2.4 of the Final 
EE/CA.   
 
Appendix F of the LDW Draft Final FS describes the potential for sediment concentrations to 
naturally recover (decrease concentrations) over time throughout the LDW.  This appendix 
does not provide information on ship traffic in the LDW.  Figure F-21C in this appendix does 
show areas with evidence of propeller wash scour, but these areas are not within the RAB.  
No changes have been made to the Final EE/CA based on the information in this appendix. 
 
 
4.  Description and Applicability, Section  5.3.1, page 76, second paragraph:  This paragraph equates 
net erosion with the need for armoring.  The prospective depths of disturbed sediment associated 
with propeller- or current-induced forces must be used instead of net erosion/deposition.  
Appropriate velocities must be incorporated into cap selection and design to ensure that effective 
alternatives are identified.   
 

EMJ and Jorgensen Forge’s Response: 
Section 5.3.1 states that the applicability of cap isolation in the RAB is affected by sediment 
transport and deposition in the LDW, which is further detailed in Section 2.3.4 of the Second 
Draft EE/CA.  Section 2.3.4 states that the Phase 2 RI activities investigated sediment bed 
scour based on flow conditions in the LDW, the results of the hydrodynamic modeling, and 
anthropogenic activities such as ship-induced bed scour.  The erosion results presented in 
Section 5.3.1 of the Final EE/CA are based on the hydrodynamic results because net erosion 
from ship-induced scour was not identified in the RAB (see response to Final Specific 
Comment 3).  In any case, Section 5.3.1 clearly states, “The specific cap configuration 
necessary to provide adequate isolation and resist erosive forces (for example, wave action 
and propeller wash) would be determined during design according to established EPA and 
USACE design procedures (EPA 1998).”   
 
No revisions have been made to the Final EE/CA. 
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5.  Evaluation, Section 5.7.1.5, page 94, fourth bullet:  The language “where there is no other practical 
alternative” should be “where there is no other less-damaging practical alternative” in order to reflect 
the Corps of Engineers’ regulatory language.  
 

EMJ and Jorgensen Forge’s Response: 
The fourth bullet of Section 5.7.1.5 has been revised to reflect USACE’s regulatory language. 
 
 
6.  Conservation Measures, Section 6.2.2.3, page 106:  In addition to silt curtains and coffer dam 
usage, as discussed in EPA’s letter dated December 14, 2010 , include regulation of dredging rates 
(time per dredge/placement cycle) when excessive releases are measured (or observed) and when 
logistics limit placement of a buffer barge as an additional conservation measure.  
 

EMJ and Jorgensen Forge’s Response: 
Section 6.2.2.3 has been revised to include the requested additional conservation measures. 
 
 
7.  Conservation Measures, Section  6.2.1.3, page 103, fourth bullet:  Change “free of deleterious 
materials”  to “meets natural background contamination levels” which is the goal of the remedial 
action. 
 

EMJ and Jorgensen Forge’s Response: 
Section 6.2.1.3 has been revised to reflect EPA’s requested text. 
 



 

 

 
 
 
APPENDIX D  
SUMMARY OF  
U.S. ARMY CORPS OF ENGINEERS 
DREDGING RECORDS IN THE VICINITY 



 
 
 Appendix D – Summary of U.S. Army Corps of Engineers Dredging Records in the Vicinity 

Final Engineering Evaluation/Cost Analysis  March 2011 
Jorgensen Forge Facility D-1 080224-01 

  
Document 1 1945 After-dredge Condition 

  
Document 2 1946 Condition 

  
Document 3 1948 Condition 
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Document 4 1949 Maintenance Dredge Design 

  
Document 5 1950 Condition 

  
Document 6 1950 Maintenance Dredge 
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Document 7 1952 Condition  

   
Document 8 1953 Condition  

   
Document 9 1953 Maintenance Dredge  
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Document 10 1954 Maintenance Dredge 

  
Document 11 1954 After-dredge Condition 

  
Document 12 1957 Maintenance Dredge 
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Document 13 1958 After-dredge Condition 

   
Document 14 1959 Condition 

  
Document 15 1960 Condition 
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Document 16 1960 After-dredge Condition 

  
Document 17 1961 Condition 

  
Document 18 1963 Condition 
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Document 19 1963 Dredge Plan Detail 

  
Document 20 1965 After-dredge Condition 

  
Document 21 1966 Condition 
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Document 22 1967 Condition 

  
Document 23 1968 Dredge Plan 

  
Document 24 1970 Condition 
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Document 25 1973 Condition 

  
Document 26 1973 Dredge Design 

  
Document 27 1974 Condition 
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Document 28 1975 Condition 

  
Document 29 1975 Maintenance Dredge Detail 

  
Document 30 1976 After-dredge Condition 
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Document 31 1978 After-dredge Condition 

  
Document 32 1982 Condition 

  
Document 33 1983 Condition 
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Document 34 1984 Condition 

  
Document 35 1985 Condition 

  
Document 36 1989 Condition 
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Document 37 1989 Dredge Detail Plan 

  
Document 38 1993 Condition 

  
Document 39 1993 Detail Plan 
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Document 40 1995 Detail Plan 

  
Document 41 1996 Condition 

  
Document 42 2000 Dredge Detail Plan 
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Document 43 2002 After-dredge Condition 

  
Document 44 2003 Condition 
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LIST OF ACRONYMS AND ABBREVIATIONS 
 
Amended AOC First Amendment to the Administrative Order on Consent 
BMP best management practice 
Boeing The Boeing Company  
CMI Corrective Measure Implementation  
cy cubic yard 
DoC depth of contamination 
DSOA Duwamish Sediment Other Area 
Ecology Washington State Department of Ecology 
EE/CA Engineering Evaluation/Cost Analysis 
EMJ Earle M. Jorgensen Company 
EPA U.S. Environmental Protection Agency 
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NTCRA or  
removal action 
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1 INTRODUCTION 

The Earle M. Jorgensen Company (EMJ) entered into a First Amendment to the 
Administrative Order on Consent (Amended AOC; EPA Docket No. CERCLA-10-2003-0111) 
with the U.S. Environmental Protection Agency (EPA) in April 2008.  This amendment 
requires EMJ to prepare an Engineering Evaluation/Cost Analysis (EE/CA) to conduct a non-
time-critical removal action (NTCRA) of sediments and associated shoreline bank soil 
adjacent to a portion of the Jorgensen Forge Corporation (Jorgensen Forge) facility located at 
8531 East Marginal Way South in Seattle, Washington (the Facility).  These sediments and 
soils contain concentrations of chemicals that exceed the Washington State Department of 
Ecology (Ecology) Sediment Management Standards (SMS) Sediment Quality Standard (SQS).  
The preferred alternative for the NTCRA (also referred to as “removal action”) was identified 
through the evaluation process detailed in the Final EE/CA for the Jorgensen Forge Facility, 
to which this Dredging Methods and Best Management Practices Report is Appendix E.  
 
The removal action will be conducted in coordination with the immediately downstream, 
adjacent sediment corrective measure to be performed by The Boeing Company (Boeing) 
pursuant to the Administrative Order on Consent (Order; RCRA Docket No. 1092-01-22-
3008(h)) issued to Boeing in 1994 by EPA under authority of the Resource Conservation and 
Recovery Act (RCRA) Section 3008(h), as amended [42 USC 6928(h)].  The Duwamish 
Sediment Other Area (DSOA) Corrective Measure was selected through the evaluation 
process described in the Duwamish Sediment Other Area and Southwest Bank Corrective 
Measure Alternatives Study (AMEC and FSI 2011).   
 
The Amended AOC incorporates a Memorandum of Understanding (MOU) titled, 
“Coordination at the Boeing and EMJ/Jorgensen Transition Zone Boundary Sediment 
Cleanup Areas; Lower Duwamish Waterway” between EMJ, Jorgensen Forge, and Boeing 
that details the required coordination and cooperation between these parties to plan and 
implement their respective cleanup actions along the adjacent cleanup boundaries.  
Consistent with the MOU, the parties hold regular meetings to discuss the status and path 
forward for their respective cleanup actions.   
 
As part of the this coordination, Boeing informed EMJ and Jorgensen Forge that Boeing 
consultants met with EPA and the U.S. Army Corps of Engineers (USACE) on February 24, 
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2011 to discuss the requirement of the use of certain physical controls (primarily silt curtains 
and coffer dams) for suspended sediment transport during completion of the DSOA 
Corrective Measure.  Boeing provided a presentation that summarized the current state of 
available dredging technologies and dredging best management practices (BMPs) that have 
been documented to minimize the release, resuspension, and residuals generated during 
dredging.  In a May 12, 2011 email, EPA stated that the use of silt curtains and cofferdams 
would not be necessary if Boeing utilized modified excavators with an articulated bucket to 
complete the dredging activities.  Additionally, in the same email, EPA requested that  the 
Boeing Corrective Measure Implementation (CMI) Work Plan include documentation 
showing that this technology, in conjunction with BMPs that were presented during the 
meeting, was the most effective means for controlling suspended sediment in the Lower 
Duwamish Waterway (LDW) for the site-specific chemical and physical conditions in the 
DSOA.   
 
Based on this EPA agreement and follow up communications with EPA, Boeing prepared the 
Preliminary Draft – Dredging Methods and Best Management Practices, Duwamish Sediment 
Other Area and Southwest Bank Corrective Measure (DOF 2011) for submittal to EPA.   
 

1.1 Appendix Purpose 

EPA received comments during the public review process of the Final EE/CA requesting 
further information regarding the specific technologies and BMPs that will be used to 
minimize significant in-water releases of suspended sediments during dredging completed as 
part of the EE/CA removal action.  This Appendix describes the proposed dredging methods 
and the types of BMPs that will be to used reduce the suspension of sediments during in-
water removal activities for the EE/CA removal action. 
 
To maintain consistency with EPA’s May 12, 2011 letter and Boeing’s DSOA dredging 
approach, this Appendix was largely prepared based on the information provided in the 
Preliminary Draft – Dredging Methods and Best Management Practices, Duwamish Sediment 
Other Area and Southwest Bank Corrective Measure (DOF 2011).  Some differences exist 
between the physical and chemical characteristics in the EE/CA removal action area and the 
DSOA, so this Appendix contains some slight modifications to reflect these differences.  
 



 
 
  Introduction 

Appendix E – Dredging Methods and Best Management Practices October 2011 
Final EE/CA – Jorgensen Forge Facility 3 080224-01.01 

1.2 EE/CA Removal Action Dredging Criteria 

Excavation and dredging methods are reviewed and evaluated in this Appendix.  Though 
dredging and excavation of sediments cannot avoid the resuspension of sediments, this 
review identified specific methods and BMPs that, in combination, support the project 
objective of completing the EE/CA removal activities in a timely manner while reducing the 
suspension and release of sediments.  These methods were then reviewed in accordance with 
the following performance criteria: 

• Residuals – Remove the targeted sediment using environmental dredging methods 
that are specifically designed to limit (not avoid) the formation of dredging-generated 
residuals on the bed of the waterway, thereby limiting sediment resuspension and 
release to the water column.  

• Water Quality – Remove the targeted sediment using environmental dredging 
methods and BMPs that are specifically designed to limit suspension of sediments into 
the water column, thereby limiting impacts to water quality during the removal 
action.  

• Productivity – Remove the targeted sediment in an efficient manner that is 
compatible with the site constraints, limits excess removal of non-targeted sediment, 
produces a material that is compatible with delivery by truck and/or rail to a RCRA 
Subtitle D landfill in eastern Washington or eastern Oregon, and maintains removal 
productivity at a level that would allow the dredging to be completed in one season.  
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2 DREDGING TECHNOLOGIES 

The review performed for this Appendix involved a screening of dredging technologies to 
identify available technologies that could be used for the removal action, assessment of the 
available technologies for their effectiveness relative to the criteria specified in Section 1.2, 
and then a screening of the available technologies to select a preferred dredging method.  
 

2.1 Identification of Dredging Technologies 

Dredging is the removal of sediment from a water body using either mechanical or hydraulic 
equipment working through the water column.  Both types of equipment are typically 
deployed on floating barges or pontoons.  Each of the major types of dredging equipment is 
described briefly below.  
 

2.1.1 Mechanical Dredges 

Mechanical dredges employ a bucket to retrieve sediment from the bed of the waterway, 
move the sediment up through the water column, and place it into an adjacent haul vessel 
(such as a barge) for transport and disposal.  Two major classes of mechanical dredges are 
differentiated based on the method of bucket deployment.  The first class uses a wire rope 
attached to a crane or derrick to lower the bucket to the bed and retrieve sediment.  The 
second class deploys the bucket at the end of the arm of an excavator or backhoe and is 
sometimes referred to as an articulated fixed-arm dredge.  Mechanical dredges can be further 
classified by the type of bucket used, such as conventional clamshell bucket, enclosed bucket, 
or level-cut bucket.  Palermo and others (2008) described the following types of mechanical 
dredges:  

• Conventional Clamshell – This conventional dredge consists of a wire-supported, 
open clamshell bucket.  

• Enclosed Bucket – The enclosed bucket is a wire-supported, near watertight or sealed 
bucket (when complete bucket closure is possible) as compared to the conventional 
open bucket.  Recent designs (for example, Cable Arm and Boskalis Horizontal 
Closing Environmental Grab) also incorporate a level-cut capability as compared to a 
circular-shaped cut for conventional buckets. 

• Articulated Bucket – Articulated buckets include backhoe/excavator designs, clam-
type enclosed buckets, and hydraulic closing mechanisms, all supported by an 
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articulated, fixed arm (for example, Ham Visor Grab, Bean Hydraulic Profiling Grab 
[HPG], Young Manufacturing rehandling bucket, Toa High Density Transport, and 
the Dry Dredge).  

 
Mechanical dredges are normally defined by the capacity of the bucket.  The capacity of 
wire-supported buckets can range from 1 to more than 50 cubic yards (cy), depending on the 
size and capability of the crane used for the dredge and the nature of the project.  Buckets 
deployed from excavators can range from 1 to more than 25 cy but tend to be closer to 1 to 
10 cy, depending on the size of the excavator and the nature of the project.   
 

2.1.2 Hydraulic Dredges 

Hydraulic dredges add water to the retrieved sediment and transport it as sediment-water 
slurry through a pipeline to a dewatering site.  Hydraulic dredging typically involves the use 
of a dredgehead to dislodge the sediment from the bed and move it to where it can be mixed 
with water for transport through the pipeline.  Cutterheads, the most common equipment 
used to dislodge the sediment, employ a rotating head or basket to dig into the sediment face 
and release the material for capture by the dredge.  Another hydraulic dredging method uses 
a horizontal auger to plow sediment to a suction pipe.  Palermo and others (2008) described 
the following types of hydraulic dredges:  

• Conventional Cutterhead –A conventional hydraulic pipeline dredge with a rotating 
cutterhead at the end of a ladder that moves up and down.  The ladder is lowered to 
the dredging depth and then the dredge including the ladder, cutterhead and intake 
pipe are all swung back and forth in an arc pattern thru the dredge area.  The ladder 
swing is controlled using cable and anchors; the ladder may be articulated.  The 
dredge is advanced by pivoting on spuds using cable and anchors. 

• Swinging-Ladder Cutterhead – This hydraulic pipeline dredge employs a rotating 
cutterhead and ladder that moves both vertically and horizontally, swinging on a 
pivot.  The ladders may be articulated.  The dredge advances by kicker spud or 
traveling spud carriage.  

• Horizontal Auger – This hydraulic pipeline dredge employs a rotating horizontal 
auger dredge head, and its advance is controlled by cable and anchors.  
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Plain suction dredges operate without the assistance of a dredge head to dislodge the 
sediment.  These dredges are generally of limited effectiveness at removing in-place sediment 
because of the absence of an effective means to dislodge the sediment from the bed.  
 
Hydraulic dredges are normally defined by the inside diameter of the discharge pipe of the 
dredge pump.  Small to medium-sized dredges used for sediment remediation have discharge 
pipes ranging in diameter from 6 to 16 inches.  The sediment-water slurry can typically be 
pumped long distances (for example, many miles) using booster pumps in the slurry pipeline.   
 

2.2 Effectiveness of Removal Technologies 

This section screens the aforementioned mechanical and hydraulic dredging technologies 
against the dredging performance criteria identified in Section 1.2: residuals, water quality, 
and productivity.   
 

2.2.1 Residuals 

Residuals refer to the layer of impacted surface sediment remaining at the post-dredging 
surface following the completion of dredging.  Residuals cannot be avoided but they can be 
managed.  A 2008 report (Bridges et al. 2008) by the USACE presented the findings of a 
national expert’s workshop on the subject of the post-dredging residual layer.  The report 
identified the following key findings relevant to the EE/CA removal action:  

• Dredging residuals refers to sediment found at the post-dredging surface of the 
sediment profile.  These residuals are grouped into two categories:   

− Undisturbed residuals are sediments that have been uncovered by dredging but 
not fully removed.  

− Generated residuals are post-dredging surface sediments that are dislodged or 
suspended by the dredging operation and are subsequently redeposited on the 
post-dredge surface sediment.  

• Management options for post-dredging residuals are evaluated on a site-specific basis.  
Possible management options include monitored natural recovery (MNR), residual 
covers (such as 6 inches of sand or topsoil cover), engineered caps, and completion of 
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additional dredging passes (if practicable; additional dredge passes will likely be less 
effective for generated residuals).  

 
A 2007 report by the National Research Council (NRC 2007) reported that resuspension, 
release, and residuals will occur if dredging is performed.  Dredging approaches may present 
specific limitations, such as residuals and resuspension, and the project design and selection 
of remedies should consider these limitations. 
 
Controlling the formation of generated residuals contributes not only to improved quality of 
the post-dredging sediment surface, but also to improved water quality during the dredging 
project.  USACE has published a guidance document for environmental dredging (Palermo et 
al. 2008) that compares the ability of various dredging methods to control the generation of 
residuals, as summarized in Table 1.   
 

Table 1  
Equipment Factors and ability to Control Dredging Generated Residuals 

Equipment and Removal Method 

Effectiveness in 
Controlling Residual 

Generation 

Mechanical Dredge 
 Conventional clamshell – wire rope Low 

 Enclosed level-cut bucket – wire rope Low to medium 

 Articulated bucket (excavator) Medium 

Hydraulic Dredge 
 Conventional cutterhead Low 

 Swinging-ladder cutterhead Low 

Horizontal auger Low 

 
An evaluation of alternative dredging equipment and the ability to control dredging-
generated residuals is presented in the following subsections. 
 

2.2.1.1 Mechanical Dredging – Residuals 

When operated correctly, articulated, fixed arm mechanical dredges offer an advantage over 
wire-supported buckets by providing the operator with increased control of penetration, 
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improved ability to control and monitor closing of the bucket, and more accurate placement 
and removal along a sloping sediment bed.  The articulated feature allows the bucket to be 
rotated on the vertical axis, which provides better control of bucket location and overlap as 
compared to a wire-supported bucket.  These advantages can lead to more effective control 
of residuals generation compared to wire-supported buckets (from a crane or derrick).   
 
Wire supported buckets behave as a pendulum and are consequently more difficult to 
accurately place on the bed.  This is especially true in areas where a water current velocity 
tends to move the bucket.  Wire-supported buckets may also tip and slide when placed on a 
sloping bed, decreasing the accuracy of the target removal elevation.   
 

2.2.1.2 Hydraulic Dredging - Residuals 

The cutterhead or auger used for hydraulic dredging disturbs and mixes sediment to a depth 
greater than can be recovered by the dredge suction pipe, leaving behind a “spillage” layer of 
mixed sediment.  As a rule of thumb, the thickness of the spillage layer for a conventional 
cutterhead dredge can be about 0.2 times the diameter of the cutterhead or about 0.5 times 
the diameter of the discharge pipe (Palermo et al. 2008).  A dredge with a 12-inch-diameter 
discharge pipe and a 30-inch-diameter cutterhead could leave a spillage layer of generated 
residuals about 6 to 8 inches thick.  In some cases, a secondary dredging pass with a suction 
dredge has been attempted with limited success to remove, to the degree possible, the 
disturbed and loose spillage layer.   
 

2.2.2 Water Quality  

Impacts to water quality during dredging can occur due to resuspension of sediment particles 
into the water column (EPA 2005) as well as release of compounds from sediment pore water 
and sediment particles into the water column (Bridges et al. 2008).  The ability of different 
dredging methods to limit resuspension and release into the water column are summarized in 
Table 2.  
 



 
 
  Dredging Technologies 

Appendix E – Dredging Methods and Best Management Practices October 2011 
Final EE/CA – Jorgensen Forge Facility 9 080224-01.01 

Table 2  
Equipment Factors and Effectiveness at Limiting Water Quality Impacts 

Equipment and Removal Method 

Effectiveness in 
Limiting Water 
Quality Impacts 

Mechanical Dredge 
 Conventional clamshell – wire rope Low 

 Enclosed level-cut bucket – wire rope Low to medium 

 Articulated bucket (excavator) Medium 

Hydraulic Dredge 
 Conventional cutterhead Low to medium 

 Swinging-ladder cutterhead Low to medium 

 Horizontal auger Low 

 
Dredging methods that limit the disturbance and remolding of the sediment will in turn 
limit sediment resuspension and release.  Equipment that shields the sediment from the 
water column during removal also helps to reduce sediment release and resuspension.  The 
ability to control water quality impacts using alternative dredging technologies is evaluated 
in the following subsections.  
 

2.2.2.1 Mechanical Dredges – Water Quality 

This section evaluates the effectiveness of mechanical dredging methods in limiting impacts 
to water quality.  
 

2.2.2.1.1 Conventional Clamshell Bucket 

A conventional clamshell bucket is a typical dredge bucket historically used for most 
navigational dredging projects.  It has two halves, is open on the top, and is supported by 
wire ropes.  A series of pulleys inside the bucket cause the bucket to close as the wire rope is 
pulled.  The wire-supported bucket closes on a circular arc around the sediment, limiting 
sediment disturbance during initial removal.  When raised through the water column, 
however, sediments within the bucket have the potential to be displaced from the bucket 
and become resuspended into the water column. 
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2.2.2.1.2 Enclosed Bucket  

The enclosed bucket is a variation of the conventional bucket that has been developed to 
reduce spillage and leakage from the bucket, under appropriate sediment conditions.  The 
operation and deployment of the enclosed dredge bucket is identical to that of the 
conventional clamshell bucket discussed in the previous subsection.  Earlier designs for 
enclosed dredge buckets featured covers designed to prevent material from spilling out of the 
bucket while being raised through the water column and rubber gaskets or tongue-in-groove 
joints to reduce leakage through the jaws and pass the cutting edges of the closed bucket.  
Newer designs (for example, the Cable Arm bucket) include provisions for drainage of excess 
water prior to release of the sediment load and a level-cutting operation, which results in a 
relatively flat sediment surface.   
 

2.2.2.1.3 Articulated Bucket  

Several styles of buckets are available for use on an articulated, fixed-arm dredge.  These 
include standard excavator-style digging buckets that can be used to dredge rock and other 
hard materials but are not effective for environmental projects, as well as clamshell buckets 
that can be effective for environmental projects but will not excavate hard materials.  Like an 
enclosed bucket, the level-cut buckets for excavators have the same limitations of plowing 
and remolding of the sediment as the bucket closes as well as the advantage of limiting 
erosion from the bucket.  The excavator bucket can also be held in position as it closes better 
than a cable-operated bucket.  The Young rehandling bucket is an enclosed bucket that 
closes on a double arc rather than level, cutting under and around the material in much the 
same way as a conventional clamshell bucket.  This mechanism reduces remolding of 
sediment and thereby reduces the potential for release mechanisms.  The double-arc closing 
mechanism also results in a level cut in the center two-thirds of the bucket footprint, 
avoiding excess removal of underlying material.   
 

2.2.2.2 Hydraulic Dredges – Water Quality  

Conventional cutterhead, swinging-ladder cutterhead, and auger hydraulic dredges all 
mechanically shear the sediment from the bed and mix it with water to create sediment-
water slurry.  While the dredge can capture a good portion of the turbid water and 
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suspended sediment generated by the dredgehead, a portion is released to the surrounding 
water column.  
 

2.2.3 Productivity 

This section evaluates the effectiveness of alternative dredging techniques relative to the 
productivity criterion described in Section 1.2.  The EE/CA removal action area presents a 
number of primary constraints to dredging productivity such as: 

• Water Depth: A wide range of water depths occur within the removal action area.  
Bottom elevations range from 0 feet relative to mean lower low water (MLLW) to -
14 feet MLLW.  A southern portion of the removal action area is located on 
depositional zone overlying variable subsurface armor and debris with current 
mudline elevations about +4 feet MLLW to -2 feet MLLW.  This reduces the available 
time for dredging in those shallow areas, since the dredging is limited to periods of 
higher tides when the floating equipment has sufficient water depths to operate. 

• Cut Thickness:  Sediment cut depths of dredging range from 1.5 feet to 10 feet below 
mudline. 

• Soft to Hard Sediment:  The primary material to be removed near the navigational 
channel is relatively soft, recently deposited, fine-grained sediment.  Areas of harder 
material will also be encountered beneath these fine-grained materials and where the 
dredge cuts advance into the older native deposits to assure removal of the more 
recently deposited overlying contaminated sediment.  Increased areas of harder 
material will also be encountered throughout the target removal depth towards the 
toe of the shoreline bank.   

• Debris:  A wide range of variable size debris (such as trees, riprap, concrete rubble, 
molten debris piles, timber piling, buried timber walls) is present in the removal 
action area and is highly concentrated closer to and on the shoreline bank. 

• Slope Cuts:  With the exception of one small area, the dredging is located primarily 
outside of the navigation channel and includes considerable areas where the bed of 
the waterway gradually and regularly slopes up in transition from the navigation 
channel (typical bottom elevation of -10 feet MLLW to -14 feet MLLW) to the 
shoreline at 2 feet MLLW to 4 feet MLLW.   
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2.2.3.1 Mechanical Dredges – Productivity 

This section evaluates the productivity of mechanical dredging methods. 
 

2.2.3.1.1 Conventional Clamshell Bucket 

The conventional clamshell bucket is compatible with four of the site constraints (water 
depth, cut thickness, soft to hard sediment, and debris) but is less efficient at removing 
sediment along the sloping dredge cuts.  Some heavy-wall clamshell buckets are particularly 
effective at capturing widely varying debris as well as digging harder material.  One 
disadvantage is that the bucket closes on a circular arc that cuts below the target dredge 
elevation, which results in the removal of excess material below the target dredge elevation.  
This bucket type is capable of removing the expected sediment in a manner that is 
compatible with rail transport and landfill disposal.     
 

2.2.3.1.2 Enclosed Bucket 

The enclosed bucket is compatible with two of the site constraints: water depth and cut 
thickness.  Many of the enclosed buckets deployed on a wire rope are relatively lightweight 
and not effective at removing large debris or cutting into hard sediment, both of which are 
present both laterally and vertically in targeted removal areas.  Similar to conventional 
clamshell buckets, enclosed buckets deployed from a cable are less efficient at digging sloped 
dredge cuts.  One advantage of this type of bucket is that it limits excess removal of sediment 
below the target dredge elevation.  Any material that would be removed with this type of 
bucket would be compatible with rail transport and landfill disposal. 
 

2.2.3.1.3 Articulated Bucket 

The articulated bucket is deployed on an excavator that is mounted on a floating barge.  
While the dredging depth is limited by the length of the articulated fixed arm, the dredges 
have been effective dredging to -35 feet MLLW in the Puget Sound (DOF 2009) and to 
greater depths at other sites (greatest depth is -14 feet MLLW in removal action area).  The  
equipment is compatible with four of the site constraints (water depth, cut thickness, soft to 
hard sediment, and slope cuts) and can handle moderately sized debris, depending on the 
type of bucket employed.  Larger debris that have been identified in the removal action area, 
such as trees, large concrete blocks, broken pilings and molten debris piles, are likely beyond 
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the lifting capacity of some articulated fixed arm dredges and dredge buckets.  Because the 
bucket is attached to the rigid arm of the excavator and closed with hydraulic rams, it can be 
more accurately controlled than a bucket deployed on a wire rope and therefore more 
efficient at removing material along sloping dredge cuts and limiting the formation of 
residuals.  Both level-cut and double-arc cutting buckets can be deployed from an excavator 
and operated to limit the penetration of the bucket below the target dredge elevation.   
 
Each of the three mechanical dredging methods is capable of maintaining dredge 
productivity at a level that would allow the open-water dredging to be completed in a single 
season.  Depending on the length of the dredging season and other factors (including 
coordination with the adjacent Boeing RCRA and Terminal 115 cleanup actions), one or 
more dredges could be deployed to keep the project on schedule.  
 

2.2.3.2 Hydraulic Dredges – Productivity 

Conventional cutterhead dredges and large swinging-ladder cutterhead dredges are 
compatible with two of the site constraints (water depth, cut thickness) and can be 
configured to accommodate sloping dredge cuts.  However, the effectiveness and efficiency 
of these hydraulic dredges are impaired by the potential presence of considerable debris 
identified in the removal action area.  Hydraulic dredges are not capable of removing large 
debris, or in place piling and small debris can obstruct the dredge pipeline causing shutdowns 
of the dredge while the debris is removed (Palermo et al. 2008).  Hydraulic dredges used for 
environmental dredging are typically smaller than those used for navigational dredging and 
are less effective at removing hard material.  Auger dredges can accommodate fine-grained 
sediment but are not compatible with the deeper water depths, inclined dredge cuts, or 
debris in the removal action area.  While the digging depth of some hydraulic dredges can be 
controlled effectively, the cutterhead must penetrate deeper than the required depth of 
dredging, leaving behind a disturbed layer of material (spillage discussed in Section 2.2.1.2).  
Prior to hydraulic dredging (and during dredging as additional debris is encountered), the 
debris would likely have to be removed by mechanical dredging methods.  The need to 
employ two types of dredging equipment would increase the construction duration and 
potentially extend the removal action to two seasons.   
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Hydraulic dredges will tend to produce sediment-water slurry with an average dry solids 
content of 8 to 12 percent, which is not suitable for direct transportation and landfill disposal 
without first being processed in a dewatering plant.  A dewatering system consistent with 
required production rates for hydraulic dredging could take several months to a year to 
design, permit, and construct.  Once a dewatering facility is constructed and operational, the 
hydraulic dredging methods can be capable of maintaining dredge productivity at a level that 
would allow the open-water dredging to be completed in one season.  A recent hydraulic 
environmental dredging project completed with a swinging-ladder dredge, however, 
documented 50 percent downtime over the course of the first dredging season due to issues 
at the water treatment plant and dewatering operations and another 10 percent downtime to 
remove debris from the dredge and booster pumps (Rule and Cieniawski 2008).   
 

2.3 Screening of Removal Technologies 

Findings regarding the overall effectiveness of the removal technologies under evaluation are 
summarized in the following subsections. 
 

2.3.1.1.1 Mechanical Dredge Effectiveness 

The overall effectiveness of wire-supported mechanical dredges is low to low-medium 
because of limitations with residuals control, water quality impacts, and productivity issues.  
The overall effectiveness of mechanical dredging with an excavator-deployed bucket 
(enclosed double-arc bucket) is medium because of improved residuals control, water quality 
control, and productivity.   
 

2.3.1.1.2 Hydraulic Dredge Effectiveness 

The effectiveness hydraulic dredging is low to low-medium because of limitations with 
residuals control, water quality, and productivity.   
 

2.3.1.1.3 Removal Technology Screening Conclusions 

Based on the aforementioned effectiveness evaluation and EPA’s May 12, 2011 email to 
Boeing (as discussed in Section 1), the proposed EE/CA removal action would use mechanical 
dredging using an excavator with an articulated, enclosed bucket.  As discussed in Section 
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2.2.3, larger debris that have been identified in the removal action area, such as trees, large 
concrete blocks, intact and broken pilings, and molten debris piles, are likely beyond the 
lifting capacity of this type of bucket.  In areas where this type of bucket is unable to remove 
the encountered material, a heavier bucket with digging capabilities or a conventional wire-
supported clamshell dredge, grapple, or vibratory hammer would be required. 
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3 REMOVAL ACTION DREDGING BMPS 

This section describes BMPs to be employed during dredging on the DSOA.  These BMPs are 
intended to reduce suspension of sediments into the water column during dredging.  The 
BMPs are based on an evaluation of recent developments for environmental dredging with 
excavator equipment (Fuglevand and Webb 2009a and 2009b; Francingues and Fuglevand 
2009), application of the evaluation factors presented in Section 2.0, and consideration of the 
dredging criteria stated in Section 1.2.   
 

3.1 Dredging BMPs – Recent Developments 

SRA (2010) presented one of the more comprehensive and recent evaluations of 
resuspension, release, and productivity of environmental dredging with excavator equipment 
in a report prepared under contract to the EPA.  The report documents the independent peer 
review of the first year of environmental dredging on the Hudson River in upstate New 
York.  The purpose of the peer review was to consider the implications of the experienced 
gained during the Phase 1 dredging of 280,000 cy of sediment impacted by polychlorinated 
biphenyls (PCBs) on engineering performance standards for resuspension, residuals, and 
productivity.   
 
Phase 1 of the Hudson River project demonstrated that the generation and management of 
residuals had a substantial direct impact on resuspension and release (SRA 2010):  

Dredging generates a layer of residual sediment with a higher water content and 
lower shear strength than the native deposit, commonly referred to as dredge-
generated residuals.  This residual layer is more easily eroded than the native, 
undisturbed sediment bed, and consequently results in more erosion and resuspension 
of PCBs than the predredge condition.  Leaving the disturbed residual sediment 
exposed in the river for long periods increases resuspension to the water column.  

 
The Hudson River peer review panel found that the prolonged exposure of generated 
residuals on the riverbed resulted in increased PCB resuspension and release.  The panel 
recommended several revisions to the dredge plan and incorporation of BMPs to reduce 
resuspension and release while maintaining productivity.  A number of these BMPs are also 
considered applicable to dredging in the removal action area: 
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• Pre-define the elevation of the depth of contamination (DoC) based on quality 
sediment cores in combination with a digital terrain model. 

• Set the design dredge elevation below the DoC to account for the vertical accuracy 
and operator tolerance of the selected dredge equipment. 

• Place a 3- to 6-inch sand cover over each dredging subunit as soon as practicable after 
dredging. 

• Stair-step sloping dredge cuts to limit sloughing and reduce the development of 
residuals and release. 

• Within a defined dredging subunit, dredge from upstream to downstream. 
• Confirm the completion of dredging based on achieving at least 95 percent of the 

dredge subunit at or below the DoC elevation – if post-dredge surface sediment 
sampling is required, the results will not trigger any corrective actions.   

• Complete backfilling of the subunits after all upstream dredging is complete.  
 
These general recommendations are incorporated into and addressed by the project-specific 
BMPs specified in Section 3.2. 
 

3.2 Removal Action Dredging BMPs 

The following dredging BMPs have been identified for the removal action to reduce 
suspension of sediment into the water column while maintaining productivity. 
 

3.2.1 Depth of Contamination Elevation 

This BMP involves the following actions: 

• Develop an accurate model for DoC.   
• Use the results of the completed sediment coring program, in combination with 

geospatial analysis, to develop an accurate digital terrain model of the DoC elevation 
to be removed during dredging. 

 
The purpose of the accurately measuring DoC elevation is to accurately characterize the 
extent of the target material with a high degree of confidence for input into the dredge plan.     
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3.2.2 Design Dredge Elevation  

This BMP involves the following action: 

• Use the DoC terrain model, plus an allowance for dredge accuracy and tolerance, to 
develop an accurate digital terrain model of the design dredge elevation.   

 
The purpose of the accurately measuring design dredge elevation is to develop a dredging 
plan with a high degree of confidence that the target material will be removed efficiently in 
a single dredging event.  Based on the characteristics of this removal action, it is anticipated 
that the design dredge elevation will be set 0.5 to 1 foot below the DoC elevation to account 
for the vertical tolerance of a precision excavator dredge.  
 

3.2.3 Single Dredging Event  

This BMP involves the following action: 

• Perform dredging to the design dredge elevation in a single dredge event for each 
dredge subunit, as verified by periodic bathymetric surveys.    

 
Performing a single dredging event relies on implementation of the design dredge elevation 
BMP, so that each subarea can be dredged to the required elevation, verified with 
bathymetric surveys, and then immediately covered without the need to wait for results 
from confirmation chemical testing.  This BMP also allows the dredged area to be quickly 
covered, reducing the potential for ongoing resuspension and release from the loosened 
residual sediment.   
 

3.2.4 Sand Cover 

This BMP involves the following actions: 

• Place a clean sand cover (3 to 6 inches) over dredge cuts in each subunit (size to be 
determined during the remedy design process) of the site in a timely manner, as soon 
as practical, after dredging of the subunit is complete.   

− This placement will limit the potential for resuspension and release of sediment 
from the loosened post-dredging residual material.   
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• Phase additional backfilling, as appropriate, once all upstream and adjacent dredging 
is complete.  

•  The final layer of backfill (minimum 1 to 1.25 feet, except within the 10-foot 
navigation channel buffer) may be scheduled to occur after all dredging is complete. 

 

3.2.5 Dredging Equipment 

This BMP involves the following action: 

• Select the appropriate dredging equipment (excavator or derrick) based on the site 
conditions and accuracy requirements.  

 
Applying this BMP resulted in the selection of an excavator (also known as an articulated 
fixed-arm dredge) with an enclosed bucket as the primary dredging equipment for the 
project, and a conventional derrick with clamshell, grapple, or vibratory hammer for 
removal of large debris and piling, as discussed in Section 2.3.   
 

3.2.6 Dredging Bucket 

This BMP involves the following actions: 

• Use an enclosed environmental type bucket to limit sediment loss to the extent 
possible.   

• A standard clamshell bucket will be required for denser sediments and debris 
removal. 

 
For the reasons discussed in Section 2.3.1.1.3, the proposed EE/CA removal action would use 
mechanical dredging using an excavator with an articulated, enclosed bucket.  As discussed 
in Section 2.2.3, larger debris that have been identified in the removal action area, such as 
trees, large concrete blocks, intact and broken pilings, and molten debris piles, are likely 
beyond the lifting capacity of this type of bucket.  In areas where this type of bucket is 
unable to remove the encountered material, a heavier bucket with digging capabilities or a 
conventional wire-supported clamshell dredge, grapple, or vibratory hammer would be 
required.  Use of an enclosed bucket will limit the loss of sediment from the bucket to the 
water column.  Limiting loss from the bucket limits the resuspension and release from 
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dredging.  The use of other heavy-duty equipment during hard material and debris removal 
may include an open bucket.  
 

3.2.7 Dredge Bucket Positioning 

This BMP involves the following action: 

• Use sub-foot accuracy GPS for accurate bucket positioning.  
 
Using on-board digital equipment capable of displaying the location of the dredge bucket 
within 4 to 6 inches horizontally and vertically helps to assured that the target material is 
captured by the dredge.  Recent studies have shown that conventional DGPS equipment can 
generate positioning data that vary widely (up to 6 feet) over a period of minutes, which 
means that the location where the bucket is placed can be off by the same amount and miss 
some of the targeted material.   
 

3.2.8 Stair-Step Dredge Cuts on Slopes 

This BMP involves the following action: 

• Implement stair-step dredge cuts for steeper slopes to reduce sloughing of sediment. 
 
Implementing stair-step dredge cuts limits the bank sloughing that can occur with deep 
vertical cuts into the sediment (referred to as “box cuts”).  Dredge cuts that extend several 
feet vertically into the sediment bed will eventually slough to a flatter and more stable slope.  
The sloughed sediment will be remolded with water, and come to rest on the bed as a lower 
density, higher water content, and lower strength generated residual that is more easily 
eroded and suspended than native intact sediment.  Stair stepping the dredge cuts helps to 
reduce the formation of generated residuals and reduces the potential for resuspension and 
release.  .   
 

3.2.9 Dredge Slopes with Excavator 

This BMP involves the following action: 

• Use an excavator dredge, as appropriate, for improved bucket control on steeper 
slopes.  
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The purpose of dredging steeper slopes using an excavator, as opposed to a cable-deployed 
bucket, is to limit the disturbance of impacted sediment on the slope during dredging, and in 
turn limit resuspension and release.  A cable-deployed bucket from a conventional derrick or 
crane barge can tip and slide down slope as the bucket engages the inclined face of 
submerged steep slope.  Also, a cable-deployed bucket is like a pendulum and the positioning 
of a swinging bucket can be difficult to accurately track.  Alternatively, a bucket deployed on 
the fixed arm of an excavator can be held in place at a known location and elevation on the 
slope while the bucket is closed, reducing the disturbance of the sediment on the slope.   
 

3.2.10 Water Management 

This BMP involves the following action: 

• Prohibit direct overflow of water in sediment haul barges back to the waterway 
without prior processing and management as dredging return water.   

 
The purpose of the water management is to limit the release of sediment back into the 
waterway from the sediment haul barge.  The findings from a case study of mechanical 
dredging document that barge overflow can represent a significant contribution to the 
formation of a residual layer of sediment (Fuglevand and Webb 2006).  Periodic samples will 
be collected prior to discharge of the treated water to ensure no contaminants are introduced 
back into the Duwamish Waterway.  The frequency of sampling will be defined in the 
Statement of Work.   
 
The material placed in a barge by an environmental mechanical dredge using an enclosed 
bucket consists of both sediment and water, since the bucket is not 100 percent full of 
sediment and water is not allowed to drain from the bucket.  During precision 
environmental dredging projects, the dredging bucket can be only half-full of sediment on 
average over the course of the project due to relatively thin cuts intended to avoid removal of 
non-impacted sediment and to avoid over-penetration of the bucket, with water filling the 
other half of the bucket.  The volume of water placed in the barges for an environmental 
dredging project can therefore equal the volume of sediment dredged from the waterway.  
Thus, a 20,000-cy dredging project can result in that volume of sediment placed into barges 
plus another 200,000 cy of water.  Failure to manage the water in the barge during dredging 
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can result in the release of turbid water back into the dredged area with the potential for 
increased sediment resuspension, release and additional generated residuals.   
 
Implementation of the water management BMP for the EE/CA removal action will involve 
either the active pumping of the excess water from the sediment haul barges or the addition 
of dewatering agent (for example, Portland cement, lime kiln dust, or diatomaceous earth) to 
limit the amount of ponded water within the barge and preventing direct overflow from the 
barge back to the waterway.  Any removed water would be pumped to a water management 
system designed to remove excess sediment prior to discharge of the water back to the 
waterway as dredging return water (in accordance with the appropriate permits).  With 
proper capture and management, the turbid water placed in a barge by the enclosed dredging 
bucket can be processed to remove suspended sediment that would otherwise be released 
back into the waterway causing releases.   
 

3.2.11 Intertidal Sediment and Shoreline Bank Soil Removal 

This BMP involves the following action: 

• Conduct intertidal sediment and shoreline bank soil excavation “in the dry” to the 
degree reasonably possible using land-based equipment. 

 
Intertidal sediment and shoreline bank soil excavation “in the dry” reduces the potential for 
release of impacted intertidal sediment and shoreline bank soils to the waterway by 
removing the sediment accessible from the upland when the tides are out and the sediment is 
exposed.  The work is best done during daylight hours during very low tides, which occur 
only during May through August of each year.  Alternatively, low tides during the in-water 
construction window occur during night hours, although EPA is currently limiting all 
cleanup activities to occur from 7 a.m. to 6 p.m., with possible extension to 9 p.m. for 
consistency with the City of Tukwila noise ordinance.  
 
This BMP includes the use of shoreline-based excavation equipment that is working at least 
2 feet back from the actual water line at all times.   
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EPA, the National Marine Fisheries Service, and the U.S. Fish and Wildlife Service have 
approved the Intertidal Sediment Removal BMP for multiple intertidal sites within the 
Commencement Bay Nearshore/Tideflats Superfund site in Tacoma, Washington 
(DOF 2009).  Cleanup of all of these sites was completed successfully with sediment quality 
objectives achieved without incident.  There was no evidence of impacted material moving 
from the cut face during the tidal cycles, and areas that had been dug to clean sediment 
remained clean even though removal of adjacent, impacted intertidal sediments continued 
during multiple tidal cycles.  No interim placement of caps or clean cover material was 
required between tidal cycles.   
 
Removal of intertidal sediment and shoreline bank soils when the tides are out avoids several 
of the short-term impacts associated with dredging.  Excavation in the dry avoids exposure of 
the sediment and soils to the water column during the period of disturbance by the removal 
equipment, thereby eliminating suspension of sediment and soil particles into the water 
column during removal.  In addition, since no water is present during removal, formation of 
a low-strength residual slurry associated with excavation is limited. 
  
When intertidal and shoreline bank excavation is completed when tides are out, encountered 
debris is more readily removed with less formation of low-strength residuals and less 
suspension of sediment.  The debris can be visually observed by the equipment operator and 
removed in a manner that is effective while limiting excess disturbance of the surrounding 
material.   
 

3.2.12 BMP Modification 

The BMPs described in the previous sections may be modified during dredging (adaptive 
management; Fuglevand and Webb 2007), as approved by EPA, to support achievement of 
the EE/CA removal action dredging criteria stated in Section 1.2.   
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